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Gibberellic  acid  maintains  'Marsh'  grapefruit  (Citrus  paradisi 
Macf.)  peel  quality  by  delaying  senescent  peel  color  development  and 
loss  of  peel  firmness.  Combined  with  2,4-dichlorophenoxyacetic  acid 
(2,4-D),  which  prevents  preharvest  fruit  drop,  the  two  extend  the 
grapefruit  harvest  season.  It  was  not  known  if  decreased  irrigation 
affects  this  treatment.  It  also  was  not  known  if  postharvest  application 
of  this  treatment  would  produce  the  same  effects.  In  addition,  GA„ 
uptake,  translocation  and  metabolism  had  not  been  examined.  This 
dissertation  was  undertaken  to  answer  these  questions. 

'Marsh'  grapefruit  on  rough  lemon  (Citrus  jambhiri  Lush.)  root- 
stock  received  irrigated  and  unirrigated  treatments .  Half  of  each 
irrigation  treatment  received  a  GA„  and  2,4-D  spray  at  colorbreak. 
Preharvest  sprays  of  GA„  and  2,4-D  extended  the  grapefruit  har- 
vest season  by  increasing  fruit  removal  and  rind  puncture  force,  delay- 
ing    development     of    senescent    color,     and    decreasing    late-season    and 


VI 


postfreeze  fruit  drop.  Although  soil  moisture  content  in  the  top  0.9  m 
of  unirrigated  blocks  was  reduced  by  approximately  40%,  leaf  water 
potentials  of  these  trees  and  performance  of  GA„  and  2,4-D  were  unaf- 
fected. 

Experiments  were  carried  out  comparing  the  effects  of  a  preharvest 
GA„  and  2,4-D  spray,  a  postharvest  GA„  and  2,4-D  dip,  and  combined 
spray  and  dip  treatments  on  peel  quality  and  decay  during  storage. 
Fruit  harvested  in  January,  March,  and  May  were  stored  for  12  weeks 
at  15.5°C.  The  GA„  and  2,4-D  treated  fruit  had  less  senescent  color 
development,  loss  of  puncture  strength,  and  decay  than  controls.  The 
three  treatments  were  equally  effective  for  January  and  March  harvests, 
while    preharvest    and    combined    treatments    were    more    effective    than    a 

postharvest  treatment  in  May. 

14 
Applied        C-GA„    was    absorbed    by    peels    and    leaves    of    attached 

fruit    within    1    hour,     translocated    from    leaves    to   peel   and   the    reverse 

within    4    to    8    hours,    and    persisted    in    leaves    and    peel    in    measurable 

amounts   for   8   weeks .      Accumulation   was   higher   in   peels  than  in  leaves 

14 
no    matter    where    the        C-GA„    was    applied.       Approximately    half    the 

14 
absorbed    '    C-GA_    remained   in    the    applied   form    and   approximately   half 

was    converted   to    a   water-soluble    form   within   96   hours.      Recovery    was 

14 
less,    but  metabolism  was   similar,    when        C-GAQ  was  applied  to  detached 

fruit . 
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CHAPTER   I 
GIBBERELLIC   ACID   IN   GRAPEFRUIT 

Gibberellic  acid  (GA„)  effectively  delays  normal  peel  senescence  of 
citrus  (16,37,59,63,70,71).  The  combination  of  GA„  with  2,4-dichloro- 
phenoxyacetic  acid  (2,4-D),  which  delays  preharvest  fruit  drop  (46,99) 
and  deterioration  in  storage  (89),  provides  a  means  of  extending  the 
grapefruit    harvest    season    (2,25,35)    and    postharvest    storage    life    (1). 

Inconsistent  treatment  effects  may  result  from  a  number  of  envi- 
ronmental factors,  including  temperature  and  tree  water  status.  Insuf- 
ficient irrigation  (35),  or  heavy  precipitation  late  in  the  harvest  season 
(F.S.  Davies  and  M.A.  Ismail,  personal  communication,  1979)  has  been 
observed  to  decrease  the  efficacy  of  GA0  and  2,4-D  in  preventing  fruit 
drop  and  maintaining  peel  quality.  The  experimental  label  for 
Pro-Gibb®,  a  commercial  GA„  formulation,  currently  advises  that  results 
may  vary  depending  on  environmental  conditions .  The  first  objective  of 
this  dissertation  was  to  determine  if  a  reduction  in  soil  moisture  content 
following  GA„  and  2,4-D  application  reduced  the  efficacy  of  these 
materials  in  extending  the  harvest  season. 

Preharvest  sprays  of  GA„  and  2,4-D  decrease  storage  losses  of 
grapefruit  (1).  Postharvest  dips  of  GA„  have  produced  similar  results 
with  'Shamouti'  oranges  (37).  Postharvest  2,4-D  dips  also  maintain  peel 
quality  and  decrease  decay  of  grapefruit  in  storage  (89.97).  Combining 
GA„    and   2,4-D    preharvest   or   postharvest    does    not   alter   their   efficacy 


(2,25,35).  The  cost  of  application  is  lower  postharvest  than  pre- 
harvest;  however,  GA_  and  2,4-D  are  not  registered  for  postharvest 
use  on  grapefruit.  The  second  objective  of  this  dissertation  was  to 
determine    whether    a    preharvest   or   postharvest   application   of   GA„    and 

2,4-D  was  better  for  maintaining  grapefruit  quality  in  storage. 

14 
Applications    of     '   C-GA„    to    'Shamouti'    orange    peel   indicate    that   it 

is    taken    up    by    flavedo,    persists    there   in    diminishing   amounts    for    100 

days,    and   appears   to  remain  in  the  applied  form   (38,39).      Beyond  this, 

14 
little    else    is    known    about    the    fate   of        C-GA„    applied    to    citrus    peel. 

The    third    objective    of    this    dissertation    was    to    characterize    uptake, 

14 
translocation,     persistence,     and    metabolism    of         C-GA„    by    grapefruit 

leaves  and  fruit. 

Determining    the   first   two   objectives    (the   effects   of   decreased   soil 

moisture    content   on    the   efficacy   of   preharvest   applications    of    GA„    and 

2,4-D    in    extending    the    harvest    season,    and    the    better    time    to    apply 

GA„    and    2,4-D    for    extending   storage   life)    will   enable   more    economical 

14 
use   of   GA_.      Determination   of   the    third   objective,    the  fate  of       C-GA„ 

applied    to    grapefruit    peel    and    leaves,    will    provide    some    fundamental 

physiological    evidence    for    the    observed    effects    of    GA„    on    grapefruit 

peel  quality . 


CHAPTER  II 

GROWTH  REGULATOR  AND  LOW-VOLUME  IRRIGATION  EFFECTS  ON 
GRAPEFRUIT  QUALITY  AND  FRUIT  DROP 


Introduction 
The  grapefruit  harvest  season  has  been  extended  in  South  Africa 
(35),  Central  Florida  (2),  and  Australia  (25)  by  applying  dilute  sprays 
of  GA„  and  2,4-D  at  colorbreak.  The  GA„  delayed  peel  color  develop- 
ment (2,25,35,59)  and  loss  of  peel  firmness  (2,25),  while  2,4-D 
decreased  the  characteristic  late-season  fruit  drop  (2,25,35,46).  The 
combination  maintained  acceptable  peel  quality  as  late  as  June  under 
Florida  conditions  (2).  However,  not  all  GA„  and  2,4-D  sprays  have 
produced  consistent  results.  These  inconsistent  treatment  effects  may 
be  the  result  of  environmental  factors,  including  temperature  and  tree 
water  status. 

Literature  Review 
Effects  of  GA3  and  2,4-D  on  External  Quality  of  Grapefruit 

The  external  quality  of  grapefruit  is  determined  by  color,  firm- 
ness, and  presence  of  blemishes.  As  peel  senesces ,  it  progresses  from 
pale  yellow  to  orange-yellow  due  to  chlorophyll  loss  (18),  is  easily 
punctured  and  deformed  due  to  loss  of  firmness,  and  is  more  suscepti- 
ble to  decay  pathogens.  Sprays  of  GA„  and  2,4-D  applied  at  the  time 
of  colorbreak,  mid-November  to  December,  delay  orange-yellow  color 
development    (2,18,25,35,59,61),     probably    by    retarding    chloroplast    to 


chromoplast  conversion  in  citrus  peel  (18,43,105).  Sprays  of  GA„ 
applied  when  grapefruit  are  less  than  10  mm  in  size  and  at  higher 
concentrations  than  the  usual  10-25  ppm  GA„  (17)  cause  regreening  of 
grapefruit,  as  do  nitrogen  nutritional  treatments  (39).  However,  re- 
greening  is  usually  not  a  problem  with  grapefruit  (18).  Sprays  of  GA„ 
and  2,4-D  also  delay  loss  of  peel  firmness  (2,25).  Applied  alone,  GA„ 
produces  a  more  compact  albedo  (16,18,69,71)  and  decreases  peel  blem- 
ishes (16,71).  Alone,  2,4-D  decreases  corky  spot  of  grapefruit  if 
applied  within  2  months  of  anthesis  (40).  These  effects  are  enhanced 
by  inclusion  of  potassium  or  ammonium  nitrate  in  preharvest  sprays 
(4,28,71),  possibly  through  enhancement  of  endogenous  GA„  production 
(69).      (See  Appendix  I.) 

Effects  of  GA3  and  2,4-D  on  Internal  Quality  of  Grapefruit 

Preharvest  colorbreak  sprays  of  GA„  and  2,4-D  have  not  been 
demonstrated  to  produce  consistent,  significant  changes  in  internal 
quality  of  grapefruit.  Grapefruit  internal  quality  is  determined  by  total 
soluble  solids  (TSS),  percentage  of  acid,  TSS/acid  ratio,  and  percent- 
age of  juice.  Reports  of  the  effects  of  colorbreak  sprays  of  GA,,  and 
2,4-D  on  these  indices  are  conflicting  and  inconsistent  (2,16,17,25,35, 
59,99,100).  The  most  frequent  reports  are  of  a  slight  increase  in  the 
percentage  of  juice  and  a  slight  delay  in  the  decrease  in  the  percentage 
of  acid  late  in  the  season  (15).  The  general  consensus  is  that  differ- 
ences, if  created,  are  slight.  Another  index  of  grapefruit  internal 
quality  is  seed  sprouting,  which  occurs  after  March  and  renders  fruit 
unmarketable.  Ah  Dinar  et  al.  (2)  reported  that  colorbreak  sprays  of 
GA„,    2,4-D,    and   the   combination   decreased   seed   sprouting.      However, 


Albrigo  et  al.  (1)  were  unable  to  corroborate  this  finding.  A  last 
index  of  internal  grapefruit  quality  is  granulation,  which  occurs  late  in 
the  harvest  season  and  increases  with  time.  There  are  no  reports  that 
GA„  and  2,4-D  decrease  this  problem. 

Effects  of  GA3  and  2,4-D  on  Fruit  Drop 

One  of  the  first  uses  of  growth  regulators  was  to  prevent  pre- 
harvest  fruit  drop  of  grapefruit  (100).  Numerous  reports  indicate  that 
colorbreak  sprays  of  2,4-D  at  8-20  ppm  delayed  late- season  grapefruit 
drop  (2,16,25,32,35,69).  In  contrast,  Kokkalos  (59)  did  not  reduce 
late-season  fruit  drop  in  2  of  4  years  by  using  2,4-D.  Explant  work 
has  shown  that  2,4-D  delays  abscission  by  delaying  the  rise  of  cellu- 
lases  and  polygalacturonases  in  the  abscission  zone,  thereby  delaying 
separation  of  calyx  from  fruit  (41).  Goldschmidt  (69)  suggested  that 
2,4-D  is  an  antagonist  of  ethylene.  Alone,  GA„  has  never  been  demon- 
strated to  decrease  fruit  drop . 


Effects  of  Decreased  Irrigation 
on  the  Efficacy  of  GA3  and  2,4-D 

Gilfillan  et  al.  (35)  observed  that  insufficient  irrigation  late  in  the 
harvest  season  decreased  the  efficacy  of  GA„  and  2,4-D  in  preventing 
fruit  drop  and  maintaining  peel  quality.  F.S.  Davies  and  M.A.  Ismail 
(personal  communication,  1979)  observed  no  effect  of  GA„  and  2,4-D  on 
peel  firmness  during  a  May  and  June  when  precipitation  was  higher 
than  average.  Kokkalos  (53)  reported  GA„  and  2,4-D  to  be  ineffective 
in  preventing  fruit  drop  in  Cyprus.  The  label  for  Pro-Gibb  ,  a  com- 
mercial GA„  product,  currently  advises,  "Results  may  vary  .  .  . 
depending  on  environmental  conditions  .  " 


The  objective  of  this  experiment  was  to  determine  if  a  reduction  in 
soil  moisture  following  GA„  and  2,4-D  application  reduces  the  efficacy  of 
these  regulators  in  extending  the  harvest  season  of  'Marsh'  grapefruit 
under  Florida  conditions . 

Materials  and  Methods 

Two  210-tree  blocks  of  35-  to  40-year-old  'Marsh'  grapefruit 
(Citrus  paradisi  Macf.)  trees  on  rough  lemon  (Citrus  jambhiri  Lush.) 
rootstock  from  a  grove  located  near  Lake  Alfred,  Florida,  were  used 
sequentially  during  the  1980-81  and  1981-82  seasons.  Trees  were 
hedged  north-south,  spacing  was  4.5x9.1  m,  and  soil  type  was  Astatula 
fine  sand.  Microsprinklers  delivering  80  liters  per  hour  were  located 
between  alternate  trees.  Fertilizer,  pesticide,  and  irrigation  practices 
were  consistent  among  treatments  and  typical  of  groves  in  Central 
Florida . 

Forty  completely  randomized  single-tree  plots  and  20  completely 
randomized  two-tree  plots  were  used  during  1980-81  and  1981-82, 
respectively.  Microsprinklers  of  20  of  the  single-tree  plots  and  10  of 
the  two-tree  plots  as  well  as  those  of  immediately  surrounding  trees 
were  capped  1  week  prior  to  GA„  and  2,4-D  application.  Half  the 
number  of  irrigated  and  unirrigated  trees  were  sprayed  after  colorbreak 
on  November  12,  1980,  and  December  14,  1981,  with  50  liters  of  an 
aqueous  solution  of  20  mg  per  liter  each  GA„  and  2,4-D  and  0.025% 
Triton  X-77.  The  four  treatments,  irrigated  sprayed  and  unsprayed 
and  unirrigated  sprayed  and  unsprayed,  were  analyzed  as  a  2x2 
factorial  experiment. 


The  soil  moisture  content  (SMC)  was  determined  using  a  Troxler 
neutron  scattering  device  (Pacheco,  CA).  Three  measurements  were 
made  monthly  at  0.45-  and  0.90-m  depths  for  one  location  per  tree  and 
averaged  to  yield  the  SMC  of  the  top  0.90  m  of  soil.  Leaf  water  poten- 
tials (ik.  )  of  six  randomly  selected  leaves  from  equally  spaced  canopy 
positions  of  each  tree  were  determined  using  a  pressure  chamber  (91). 
Leaves  remained  on  damp  paper  towels  in  sealed  plastic  bags  in  an  ice 
chest  until  immediately  before  measurement.  Leaf  samples  were  collected 
at  4  AM  and  11  AM  on  the  same  day  that  SMC  measurements  were 
taken.  Sampling  times  were  selected  to  reflect  periods  of  minimum  and 
maximum  water  stress,    respectively   (102). 

Fruit  drop  was  determined  monthly  by  counting  and  removing  all 
fruit  within  the  dripline.  Twenty  randomly  selected  fruit  per  tree  were 
collected  monthly  to  determine  fruit  removal  force  (FRF),  peel  color, 
rind  puncture  force  (RPF),  and  internal  quality.  The  FRF  was  deter- 
mined by  an  Ametek  hand  pull  tester  (Landsdale,  PA),  peel  color  by  a 
Hunter  Color  Difference  Meter  (Fairfax,  VA),  and  RPF  by  an  Instron 
penetrometer  with  a  0.63-cm  radius  flat  head  moving  at  20  cm  per 
minute  (Canton,  MA).  The  Hunter  Color  Difference  Meter  measures 
chromaticity  dimensions  of  colors  and  expresses  them  as  "a/b"  ratios; 
"a"  measures  redness  when  positive  and  greenness  when  negative;  "b" 
measures  yellowness  when  positive  and  blueness  when  negative.  The 
ratio  indicates  proportions  of  the  above  colors .  A  pale  yellow  grape- 
fruit typically  has  an  "a/b"  ratio  ranging  from  -0.1  to  0.2.  Internal 
quality  was  evaluated  by  automated  systems  analysis  giving  total  soluble 
solids  (TSS)  by  the  specific  gravity  method,  percentage  of  acid,  TSS/ 
acid    ratio,     percentage    of    juice,     and    weight    per    fruit    including    peel 


8 

(23).  An  additional  sample  of  20  fruit  per  tree  was  collected  to  deter- 
mine the  extent  of  seed  sprouting'.  'Marsh'  grapefruit  trees  in  this 
study  bore  an  average  of  1500  fruit.  The  gradual  loss  of  350  fruit  to 
sampling  and  180  fruit  to  drop  over  6  months  should  not  have  affected 
the  quality  of  the  remaining  fruit  (79). 

Results  and  Discussion 
Effects  of  SMC  on  4* 


The  SMC  was  significantly  lowered  in  the  top  0 .  90  m  of  soil  in  all 
unirrigated  plots  on  all  sampling  dates  in  both  seasons;  yet  the  ^ 
values  of  irrigated  and  unirrigated  trees  were  comparable  at  4  AM  and 
11  AM  (Fig.  2-1).  Davies  et  al.  (21)  reported  a  similar  lack  of  correla- 
tion between  tk.  value  and  SMC  for  'Orlando'  tangelo  trees  in  the  field. 
They  hypothesized  that  tree  capacitance  and  ability  to  control  water 
loss  via  stomatal  closure  are  factors  that  affect  the  reliability  of  SMC  as 
an  indicator  of  a  tree's  water  status.  Their  results  and  those  given 
here  are  consistent  with  grower  observations  that  large,  well- 
established  trees,  particularly  those  on  rough  lemon  rootstock  (12), 
generally  do  not  have  increased  yields  in  response  to  supplemental 
irrigation  under  Florida  conditions  (A.J.  Rose,  personal  communication, 
1982). 


Effects  of  Irrigation  and  GA^  and  2,4-D 
on  Drop  and  External  Fruit  Quality 

No  differences  were  observed  in  irrigated  compared  with  unirri- 
gated trees  in  fruit  drop,  FRF,  RPF,  or  color,  although  SMC  differed 
significantly  throughout  both  seasons .  Spray  applications  of  GA  and 
2,4-D,    however,    significantly    decreased  late-season   and   total  fruit  drop 
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and  delayed  loss  of  FRF  and  RPF  and  development  of  overmature  peel 
color  both  seasons  (Fig.  2-2).  Gilfillan  et  al.  (35)  observed  that 
inadequate  irrigation  resulting  in  wilting  decreased  the  efficacy  of  GA„ 
and  2,4-D  in  preventing  fruit  drop  and  peel  puffiness.  However,  they 
did  not  measure  SMC  or  4*  .  Citrus  trees  growing  in  arid  climates  have 
shallower,  less  extensive  root  systems  than  trees  in  moderately  high- 
rainfall  areas  with  deep  sandy  soils  (20).  These  data  indicate  that  GA„ 
and  2,4-D  applications  in  areas  with  the  latter  characteristics  should 
produce  favorable  responses ,  regardless  of  irrigation  practices .  These 
findings  are  consistent  with  previous  reports  that  GA~  and  2,4-D 
extend  the  grapefruit  harvest  season  in  Florida  (2),  South  Africa  (35), 
and  Australia   (25). 

Effects  of  Decreased  Irrigation  and   GAq 
and  2,4-D  on  Internal  Fruit  Quality 

The    TSS,    percentage   of   acid,    TSS/acid  ratio,    percentage  of  juice, 

weight    per    fruit,     and    incidence    of    seed    sprouting   were   unaffected   by 

GA„    and    2,4-D    application    or   irrigation    treatments.      Previous    workers 

have    reported    only     slight,    inconsistent    effects    of    GA„    and    2,4-D    on 

internal     quality     of     grapefruit     (2,25,35,59).        Ali    Dinar     et     al.      (2) 

reported   a    significant    decrease   in    seed    sprouting    during   one    season  in 

Florida,     a    result    not   corroborated   here   or   by    Albrigo    et   al.    (1).      Ah 

Dinar    et    al.     (2)    did    not    clearly    demonstrate    whether    it    was    GA„    or 

2,4-D     or     the     combination     that     decreased     sprouting,      as     all     three 

decreased  sprouting  somewhat. 
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Effects  of  GA3  and  2,4-D  on  Postfreeze  Fruit  Drop 

Grove  air  temperatures  were  between  -2.2°  and  -5.5°C  for  10 
hours  on  January  12.  1981,  and  between  -3.9°  and  -5.5°C  for  6  hours 
on  January  13,  1981.  Temperatures  remained  between  -2.2°  and  -5.5°C 
for  10  hours  on  January  12,  1982.  Severe  fruit  drop  generally  occurs 
when  fruit  are  exposed  to  such  temperature  extremes;  however, 
January  fruit  drop  was  significantly  lower  for  GA„  and  2,4-D  treated 
trees,  particularly  after  the  more  severe  freeze  of  1981  (Fig.  2-2). 
The  difference  in  fruit-drop  rates  of  treated  and  untreated  trees  was 
again  insignificant  in  February,  suggesting  that  the  difference  in  both 
Januarys  was  a  result  of  the  freezes. 

Conclusions 
These  experiments  support  previous  reports  of  the  efficacy  of  GA„ 
and  2,4-D  in  extending  the  grapefruit  harvest  season  by  improving  peel 
color  and  firmness  and  decreasing  late-season  fruit  drop.  Furthermore, 
under  Central  Florida  conditions,  presence  or  absence  of  low- volume 
irrigation  did  not  alter  the  efficacy  of  GA„  and  2,4-D  in  extending  the 
harvest  season  of  large,  mature  grapefruit  trees.  Applications  of  GA„ 
and  2.4-D  reduced  postfreeze  fruit  drop. 


CHAPTER  III 

PREHARVEST  AND   POSTHARVEST   GIBBERELLIC  ACID  AND 

2,4-DICHLOROPHENOXYACETIC  ACID  APPLICATIONS  FOR 

INCREASING   STORAGE  LIFE  OF   GRAPEFRUIT 


Introduction 

White  'Marsh'  seedless  grapefruit  (Citrus  paradisi  Macf.)  has  a 
long-,  September  to  May  harvest  season,  is  a  nonclimacteric  fruit  with  a 
low  respiration  rate  and  minimal  starch  reserves,  and  is  unresponsive  to 
controlled  atmosphere  storage  (42).  For  nearby  markets  the  fruit  can 
be  stored  on  the  tree.  Distant  markets  such  as  Japan,  however, 
require  postharvest  storage  during  transport.  Therefore,  any  prehar- 
vest  or  postharvest  treatment  that  extends  postharvest  life  is  desirable. 

Currently,  GA3  and  2,4-D  treatments,  applied  preharvest  or 
postharvest,  show  promise  for  extending  grapefruit  postharvest  storage 
life.  Preharvest  and  postharvest  GA3  treatments  have  the  same  effect; 
both  delay  overripe  color  development  and  loss  of  peel  firmness.  Pre- 
harvest 2,4-D  also  delays  color  development  and  loss  of  firmness  some- 
what, but  primarily  delays  preharvest  abscission.  Postharvest  2,4-D 
indirectly  decreases  growth  of  some  fungal  pathogens  by  rendering  the 
host  grapefruit  less  vulnerable  to  pathogen  entrance,  particularly 
around  and  under  the  calyx  where  Alternaria  citri  spores  exist  in 
abundance  (34,90).  This  is  important  because  citrus  fruits  almost 
invariably  succumb  to  fungal  invasion  before  physiological  breakdown 
renders  them  unmarketable   (42). 
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Response  of  grapefruit  to  any  preharvest  or  postharvest  treatment 
for  extending-  postharvest  storage  life  could  vary  depending  upon  when 
during  the  season  and  time  of  day  fruit  is  harvested  (103),  rootstock 
(88),  tree  condition,  cultural  and  harvesting  practices,  and  intentional 
or  unintentional  postharvest  treatment  (42) . 

Literature  Review 

Effects  of  Preharvest  GA3  and  2,4-D   Sprays 

on  External  Quality  of  Postharvest  Stored  Grapefruit 

Much  work  has  been  done  on  the  effects  of  preharvest  GA„  and 
2,4-D  sprays  on  the  preharvest  quality  (2,25,35,59),  but  there  are  few 
reports  on  the  effects  of  these  materials  on  postharvest  quality .  Pre- 
harvest GA3  and  2,4-D  sprays,  applied  at  a  rate  of  10-20  ppm  for  GA„ 
and  20-40  ppm  for  2,4-D,  have  been  reported  to  delay  postharvest 
overripe  color  development  and  loss  of  firmness  in  California  (15), 
Florida  (1),  and  Australia  (34,36).  Similar  results  have  been  obtained 
with  'Shamouti'  oranges  in  Israel  (70).  In  contrast,  Fucik  (33)  in 
Texas  did  not  observe  preharvest  GA„  and  2,4-D  sprays  to  maintain 
peel  firmness  of  'Ruby  Red'  grapefruit  in  storage,  even  though  treated 
fruit  had  firmer  peels  than  controls  at  harvest.  However,  he  applied 
GA3  at  only  1  ppm,  whereas  it  was  applied  at  10-20  ppm  in  most  other 
studies   (1,15,33,34,36). 

Grapefruit  invariably  succumb  to  fungal  invasion  before  physiologi- 
cal breakdown  renders  them  unmarketable  (42).  Therefore,  postharvest 
storage  life  generally  depends  on  an  interaction  between  physiological 
and  pathological  factors.  Preharvest  sprays  of  GA„  and  2,4-D  (33)  and 
2,4-D  alone  maintain  the  calyx  in  a  more  juvenile  state,  thus  hindering 
the    entrance      of    Alternaria    citri    spores,      which    cause      stem-end   rot. 
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Bevington     (10)     in     Australia     reported     less     green     mold     (Penicilli 
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digitatum)     wastage     of    navels     in     cold     storage     when     they    had    been 
treated  preharvest  with  GA„. 

Effects  of  Preharvest  GA3  and  2,4-D  on 
Internal  Quality  of  Postharvest  Stored  Grapefruit 

Except  for  slight  increases  in  percentage  of  juice,  the  internal 
quality  of  'Marsh'  grapefruit  does  not  change  greatly  with  extended 
storage  (86).  Gallasch  (34)  reported  a  decrease  in  percentage  of  acid 
of  stored  grapefruit  that  had  been  treated  preharvest  with  GA„  alone. 
Monselise  and  Sasson  (70)  contradicted  this  with  a  report  of  increased 
percentage  of  acid  in  stored  'Shamouti'  oranges  that  had  been  treated 
preharvest  with  GA3  and  2,4-D.  They  attributed  this  increase  to 
2,4-D,   as   GA„  alone  did  not  produce  this  result. 

There  are  no  reports  of  preharvest  GA„  sprays  and  2,4-D  sprays 
reducing  the  incidence  of  seed  sprouting  and  granulation  in  grapefruit 
stored  postharvest. 

Effects  of  Postharvest  GA3  and  2,4-D  Treatments 
on  External  Quality  of  Postharvest  Stored  Grapefruit 

There    are    no   reports   on   the   use   of  postharvest   GA0   or   GA„    and 

2.4-D    treatments   for   grapefruit.      Postharvest  applications  of  GA„  main- 

tained    'Shamouti'    orange    (37)    and    lemon    (69)    peel    in    a    more   juvenile 

state   during   storage.      El-Nabawy   et   al.    (24)    reported  that  postharvest 

GAg     dips     retarded     color     development,     decreased     weight     loss,     and 

decreased     the     percentage     of     discards     in     stored     'Valencia'    oranges. 

Postharvest    2,4-D    treatments    decreased    weight    loss    and   percentage   of 

discards    in    stored    'Valencia'    oranges    (24),    maintained    the    calyx    in    a 
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juvenile  state  in  'Marsh'  grapefruit  (90),  'Kinnow'  mandarin,  and 
'Eureka'  lemons  (29),  and  decreased  losses  due  to  Alternaria  in  'Marsh' 
grapefruit  (89,90).  Application  rates  were  higher  than  those  of  pre- 
harvest  sprays ,  ranging  from  100  to  2000  ppm  for  GA„  and  from  500  to 
2000  ppm  for  2,4-D   (15,24,29,89,90). 

Effects  of  Postharvest  GA3  and  2,4-D  Treatments 
on  Internal  Quality  of  Postharvest  Stored  Grapefruit 

Internal  quality  of  'Marsh'  grapefruit  is  not  altered  greatly  in 
extended  cold  storage  (86)  except  for  a  slight  increase  in  the  percent- 
age of  juice.  Postharvest  GA~  and  2,4-D  treatments  do  not  produce 
any  consistent,  significant  changes  (15,68).  El-Nabawy  et  al.  (24) 
reported  slight  increases  in  TSS  and  decreases  in  percentage  of  acid  of 
stored  'Valencia'  oranges  that  were  treated  postharvest  with  2,4-D  or 
GA3. 

There  are  no  reports  of  postharvest  GA,,  and  2,4-D  treatments, 
alone  or  combined,  reducing  seed  sprouting  or  granulation  in  grapefruit 
stored  postharvest. 

The  objective  of  these  experiments  was  to  compare  the  ability  of 
preharvest  and  postharvest  GA„  and  2,4-D  treatments  to  maintain 
grapefruit  quality  in  storage. 

Materials  and  Methods 
Two  sets  of  40  'Marsh'  white  seedless  grapefruit  (Citrus  paradisi 
Macf.)  trees  on  rough  lemon  (C.  jambhiri  Lush.)  rootstock  from 
the  same  grove  were  used  successively  during  the  1980-81  and  1981- 
82  seasons.  Trees  were  growing  in  Astatula  fine  sand,  were  hedged 
north-south       in     4.5x9. 1-m     spacing,       and     had     low-volume     undertree 
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irrigation.  Normal  grove  production  practices  were  followed.  The  40 
trees  were  divided  into  a  20-tree  preharvest  control  treatment  and  a 
20-tree  preharvest  spray  treatment.  Completely  randomized  single-tree 
plots  were  used  during  1980-81  and  two-tree  plots  during  1981-82. 
When  all  fruit  were  slightly  past  colorbreak  on  December  12,  1980,  and 
November  11,  1981,  approximately  50  liters  of  an  aqueous  combination  of 
GA3  (20  ppm),  2,4-D  (20  ppm),  and  X-77  surfactant  (0.025  v/v)  were 
sprayed  on  each  preharvest  treatment  tree.  Control  trees  were  not 
sprayed. 

On  January  26,  March  23,  and  May  18,  1981,  and  January  18, 
March  15,  and  May  10,  1982,  approximately  60  fruit  per  tree  were 
randomly  harvested  from  the  four  quadrants  of  each  tree.  Blemished 
fruit  were  removed,  and  the  remainder  was  washed  on  a  packinghouse 
line  and  air  dried.  Initial  seed  sprouting  counts  were  done  on  20  fruit 
per  tree.  An  additional  20  fruit  per  tree  were  used  to  obtain  initial 
peel  color  measurement  by  the  Hunter  Color  Difference  Meter  (47),  peel 
puncture  strength  by  the  Instron  penetrometer  (48),  and  juice  quality 
by  automated  systems  analysis  (23).  Peel  color  was  tested  on  one 
location  per  fruit  and  peel  firmness  on  four.  The  remaining  fruit  were 
combined  within  each  of  the  two  preharvest  treatments,  control  and 
preharvest  spray,  and  then  divided  into  two  equal  lots  within  these 
treatments.  One  lot  from  each  field  treatment  was  dipped  for  1  minute 
in  an  aqueous  combination  of  GA„  (100  ppm),  2,4-D  (500  ppm),  and 
X-77  surfactant  (0.025%  v/v).  These  preharvest  and  postharvest 
treatments  produced  four  storage  treatments:  a  control  treatment 
without  preharvest  spray  or  postharvest  dip,  a  treatment  with 
postharvest    dip    only,    a    treatment    with    preharvest    spray    only,    and   a 
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treatment  with  both  spray  and  dip .  All  fruit  received  1000  ppm 
thiabendazole  (TBZ),  were  dried  and  waxed  on  a  packinghouse  line, 
were  packed  into  20-kg  cartons  (four  replications  per  storage  treat- 
ment), and  were  stored  at  15.5°C  and  95%  relative  humidity  (67)  for  12 
weeks .  Color  readings  on  20  randomly  selected  fruit  per  carton  and 
decay  checks  on  all  fruit  were  done  weekly.  At  12  weeks,  peel  punc- 
ture resistance  testing  and  juice  analysis  were  repeated  on  two  20-fruit 
samples  per  treatment  and  seed  sprouting  was  counted  on  20  fruit  per 
treatment. 

The  Hunter  Color  Difference  Meter  measures  chromaticity  dimen- 
sions of  colors  and  expresses  them  as  "a/b"  ratios;  "a"  measures  red- 
ness when  positive  and  greenness  when  negative,  and  "b"  measures 
yellowness  when  positive  and  blueness  when  negative .  The  ratio  indi- 
cates proportions  of  the  above  colors  (47).  A  pale  yellow,  marketable 
grapefruit  has  an  "a/b"  ratio  ranging  from  -0.1  to  0.2. 

The  Instron  penetrometer  determines  peel  puncture  resistance  in 
newtons  (N)  required  to  puncture  a  0.63  cm  hole  in  the  peel  using  a 
flat  head  moving  at  20  cm  per  min.  N  is  a  unit  of  force  independent  of 
mass  and  is  not  comparable  to  the  mass  unit,    kg. 

Data  were  analyzed  using  analysis  of  variance  and  Duncan's 
multiple  range  test. 

Results  and  Discussion 
Effects  on  Color 

The  GA^.  and  2,4-D  delayed  overripe  peel  color  development  when 
applied  before  or  after  harvest  (Fig.  3-1).  Fruit  from  trees  treated 
preharvest   had   significantly   lower   "a/b"    ratios    than   controls   on   all  six 


Fig.  3-1.  Comparison  of  preharvest,  postharvest ,  and  combined  pre- 
harvest  and  postharvest  GA3  and  2,4-D  treatments  on  peel  color 
at  harvest  (bottom  of  bar)  and  after  12  weeks  of  storage  (top  of 
bar).  Treatment  means  within  a  harvest  date  at  bottom  (harvest) 
and  top  (after  storage)  separated  by  Duncan's  multiple  range  test, 
P  =  <0.05.     Means  are  an  average  of  80  values. 
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harvest  dates,  confirming-  an  earlier  Florida  report  (2).  Fruit  that  had 
received  any  of  the  GA3  and  2,4-D  treatments  still  had  significantly 
lower  "a/b"  ratios  than  controls  after  12  weeks  in  storage.  All  treat- 
ments were  equally  effective  from  January  to  March  in  delaying  overripe 
peel  color,  but  in  May,  combined  preharvest  and  postharvest  treatment 
was  significantly  more  effective  than  postharvest,  but  not  preharvest, 
treatment.  Therefore,  prior  to  April,  there  was  no  advantage  to  com- 
bined preharvest  and  postharvest  treatment,  as  both  delayed  color 
development  equally  well  alone.  Preharvest  or  combination  preharvest 
and  postharvest  treatment  was  best  for  fruit  harvested  in  May,  as 
either  produced  significantly  less  overripe  color  development.  If  only  a 
single  GA3  and  2,4-D  application  is  possible,  preharvest  is  preferable, 
as  it  consistently  produced  a  lower  "a/b"  ratio  than  postharvest  appli- 
cations  (2,25,35,59). 

Effects  on  Peel  Puncture  Resistance 

The  GA„  and  2,4-D  maintained  peel  puncture  resistance  when 
applied  either  preharvest  or  postharvest  (Fig.  3-2).  Fruit  from  trees 
that  were  treated  preharvest  had  significantly  higher  puncture  resis- 
tance than  controls,  confirming  earlier  data  reported  by  Ali  Dinar  et  al. 
(2).  However,  for  harvested  fruit  they  reported  puncture  resistance 
from  6.14  to  8.90  N  compared  with  the  13.75  to  21.50  N  here.  Our 
values  agree  with  two  other  Florida  reports  (F.S.  Davies  and  M.A. 
Ismail,  1979,  and  A.  J.  Rose,  1979,  both  personal  communications)  and 
one  Australian  report  (25).  Fruit  treated  before  or  after  harvest,  or 
at  both  times,  had  consistently  higher  puncture  resistance  after  12 
weeks    in    storage    than    the    controls    did.       All    treatments    were    equally 


Fig.  3-2.  Comparison  of  preharvest,  postharvest,  and  combined  pre- 
harvest  and  postharvest  GA3  and  2,4-D  treatments  on  peel  punc- 
ture resistance  (higher  values  =  higher  resistance)  at  harvest  (top 
of  bars)  and  after  12  weeks  of  storage  (bottom  of  bars).  Treat- 
ment means  within  a  harvest  date  at  top  (at  harvest)  and  at 
bottom  (after  storage)  separated  by  Duncan's  multiple  range  test, 
P  =  <0.05.     Means  are  an  average  of  80  values. 
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effective  for  January  and  March  harvests,  but  for  May  harvests,  com- 
bined preharvest  and  postharvest  treatment  was  significantly  better 
than  postharvest  treatment.  Therefore,  through  March,  there  was  no 
advantage  to  combined  preharvest  and  postharvest  treatment,  as  a 
single  preharvest  or  postharvest  treatment  maintained  peel  puncture 
resistance  as  well.  After  March,  preharvest  or  combined  preharvest 
and  postharvest  treatment  was  more  effective  than  a  postharvest  treat- 
ment. However,  if  only  a  single  GA~  or  2,4-D  treatment  is  possible, 
preharvest  treatment  is  preferable,  as  it  also  decreases  late-season  fruit 
drop  losses   (2,25,   32,35). 

Effects  on  Decay 

The  GA0  and  2,4-D  treatments  decreased  decay  in  storage  (Fig. 
3-3).  There  were  no  significant  differences  between  preharvest,  post- 
harvest,  and  combined  preharvest  and  postharvest  applications ;  all 
resulted  in  significantly  less  decay  than  in  untreated  control  fruit. 
Onset  of  decay  was  1  to  2  weeks  earlier  and  stem-end  rot  was  more 
frequent  in  control  fruit.  These  data  agree  with  earlier  reports  of 
2,4-D's  ability  to  decrease  grapefruit  decay,  particularly  stem-end  rot, 
when  applied  postharvest  (89,90,98).  Preharvest  or  postharvest  appli- 
cations of  GA~  have  been  reported  to  delay  peel  senescence,  thereby 
maintaining  peel  quality  in  storage  (69).  The  results  here  suggest  that 
these  decreases  in  decay  are  partially  a  result  of  better  peel  condition, 
rendering  the  fruit  less  susceptible  to  injury  and  therefore  to  invasion 
by  fungal  pathogens.  This  would  explain  why  preharvest  and  post- 
harvest  treatments  function  equally  well. 


Fig.  3-3.  Comparison  of  preharvest,  postharvest,  and  combined  pre- 
harvest  and  postharvest  GA3  and  2,4-D  treatments  on  decay  after 
12  weeks  in  storage.  Treatment  means  within  a  storage  period 
separated  by  Duncan's  multiple  range  test,  P  =  <0.05.  Means  are 
an  average  of  80  values . 
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Effects  on  Internal  Quality 

Juice  content,  total  soluble  solids  (TSS),  percentage  of  acid, 
TSS/of  acid  ratio,  and  individual  fruit  weights  did  not  display  any 
significant,  consistent  differences  due  to  treatment  either  at  harvest  or 
after  12  weeks  in  storage  (data  not  shown).  This  is  consistent  with 
earlier  reports  for  preharvest  (2,25,35,59)  and  postharvest  (15,24,68) 
treatments .  Seed  sprouting  was  unaffected  by  all  treatments  during 
either  season.  This  disagrees  with  an  earlier  Florida  report  (2)  and 
agrees  with  another  (1). 

Conclusions 
These  results  confirm  earlier  reports  that  preharvest  GA,,  and 
2,4-D  sprays  maintain  grapefruit  peel  quality  on  the  tree  (2,25,35)  and 
in  storage  (1)  without  affecting  internal  quality  (2,25,35).  Preharvest 
GA^  and  2,4-D  application  was  the  best  treatment  under  most  circum- 
stances. Overripe  color  development  and  loss  of  puncture  resistance 
were  retarded  more  effectively  through  storage  when  combined  GA„  and 
2,4-D  was  applied  preharvest.  This  is  consistent  with  Goldschmidt  and 
Eilati's  report  of  GA„  delaying  color  development  more  effectively  in 
unharvested  than  harvested  'Shamouti'  oranges  (37).  Preharvest  GA„ 
and  2,4-D  produced  better  peel  quality  in  tree-stored  fruit  and  delayed 
abscission  (2,25,32,35),  thereby  extending  the  harvest  season.  Post- 
harvest  GA„  and  2,4-D  dips,  although  less  expensive  than  preharvest 
sprays  and  equally  effective  in  maintaining  peel  quality  and  decreasing 
decay  of  stored  fruit  harvested  through  March,  will  not  enable  exten- 
sion of  the  harvest  season.  Applying  both  a  preharvest  spray  and  a 
postharvest  dip  was  advantageous  only  for  fruit  harvested  in  May. 
Otherwise,    a   preharvest   spray   or   a   postharvest   dip   had   equal  effects. 
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Despite  GAJs  effectiveness  in  slowing  peel  senescence  in  grape- 
fruit, seed  germination  and  granulation  in  late  season  fruit  still  remain 
a  problem.  Both  result  in  development  of  off  flavors  and  lower  grade 
of  fresh  market  and  processing  fruit. 


CHAPTER  IV 

UPTAKE,   TRANSLOCATION,   PERSISTENCE,    AND  METABOLISM 
OF   GIBBERELLIC   ACID   IN  GRAPEFRUIT 


Literature  Review 
Uptake,   Translocation,   and  Persistence  of   14C-GA3 

Little  is  known  about  uptake  and  transport  of  gibberellins  in 
grapefruit.  Gibberellin  uptake  and  transport  studies  using  excised 
sections  of  coleoptiles,  stems,  or  petioles  indicate  that  gibberellins  are 
readily  absorbed,  their  movement  is  passive  and  nonpolar  in  xylem  and 
phloem  at  rates  of  5-25  mm  per  12-hour  period,  and  interchange  occurs 
between  xylem  and  phloem  (7,11,13,66,72,113).  These  results  suggest 
that  gibberellins  are  transported  with  carbohydrates .  Acropetal  and 
basipetal  polar  movement  of  gibberellins  occurs  in  coleus  petioles  (52), 
stems  (53),  and  subapical  root  sections  of  several  higher  plants  (3,7, 
53,72,78).  However,  these  may  not  be  examples  of  true  polar  move- 
ment,   but   may    simply  be  movement  toward  a  growth  center  (78,87,108). 

Goldschmidt  and  Eilati  (37)  applied  GA„  to  the  flavedo  of 
'Shamouti'  oranges  before  and  after  harvest.  Delay  of  peel  color  devel- 
opment indicated  that  GA„  was  absorbed  by  both  attached  and  detached 
fruits,  although  this  effect  was  more  marked  and  persistent  in  the 
former.  Delay  cf  peel  color  development  beyond  the  area  of  flavedo 
application  suggested  lateral  diffusive  movement  of  the  GA., .  This 
movement  was  further  and  more  toward  the  stylar  end  in  attached  than 
detached   fruit.      Goldschmidt  and  Galili  (38)   applied     H-GA„   to  detached 
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'Shamouti'  orange  peels  and  recovered  measurable  amounts  of  radio- 
activity   from    the   flavedo    after   5  days    of   air  or  ethylene   storage.      In  a 

14 
later    study    (39)    they   applied    "   C-GA„  to   'Valencia'   oranges  on  the   tree 

and    recovered    only    2%    of    applied    radiocactivity    from    the    flavedo    after 

24  hours . 

Evidence  for  localization  of  GA„  following  uptake  and  translocation 
within  citrus  peel  is  indirect.  Exogenously  applied  GA~  delays  loss  of 
chlorophyll,  RNA,  and  proteins  (30,31)  in  the  flavedo  and  maintains  a 
more  compact  structure  in  the  albedo  (69),  suggesting  that  it  or  its 
metabolites  are  localized  in  these  areas.  Some  gibberellin  biosynthesis 
and  metabolism  occurs  in  chloroplasts  and  leucoplasts  (72).  Ohlrogge  et 
al.  (76)  and  Silk  and  Jones  (94)  suggest  that  gibberellins  are  compart- 
mentalized in  vacuoles . 

Evidence  for  persistence  of  exogenously  applied  GA0  in  citrus  peel 
is  both  indirect  and  direct.  Sprays  of  GA„  delay  peel  color  develop- 
ment and  loss  of  rind  firmness  for  as  long  as  7  months  after  applica- 
tion. This  may  be  an  indirect  indication  of  GA  's  persistence  in  citrus 
peel    (16).       Direct    evidence    of    persistence    has    been    demonstrated    by 

Jordan    et    al.    (57),    who    found   0.10-0.15  ppm    GA„  in  lemon  peel  7  days 

14 
after     application.        Goldschmidt     and     Galili     (39)     applied         C-GA_     to 

'Valencia'  oranges  on  the  tree  and  recovered  1%  of  the  applied  radio- 
activity after  100  days.  However,  until  the  presence  of  endogenous 
GA„  is  established  in  citrus  peel,  physiochemical  methods  of  detecting 
GA„    cannot    conclusively    demonstrate    the   persistence   of   absorbed    GA„. 


33 


Metabolism  of   14C-GA^ 

Little  is  known  about  gibberellin  metabolism  in  higher  plants . 
Glycosylation,  the  attachment  of  a  glucose  molecule  through  an  ether 
bond  forming  a  water-soluble  gibberellin  glucoside,  is  common  with 
gibberellins  in  higher  plants.  Water-soluble,  "bound,"  gibberellin-like 
substances  were  discovered  in  higher  plants  in  the  1960s  (58,65,66,74). 
Hydrolysis  with  acid,  ficin,  emulsin .  papain,  or  B-D-glucosidase  (6,7, 
9,45,54,65,74,82,110)  released  free  gibberellins  and  glucose.  "Bound" 
is  now  reserved  for  unidentified  gibberellin-like  substances,  whereas 
"conjugated"  describes  complexes  in  which  both  gibberellin  and  its 
bound  counterpart  are  known   (62,92). 

Conjugated  gibberellins  are  much  less  active  than  free  gibberellins 
(8,93,103,109,111).  The  deactivation  of  free  gibberellins  by  glycosyla- 
tion (7,62,72),  the  frequency  and  rapidity  with  which  it  happens  to 
applied  gibberellins  (7,11,113),  and  its  reversibility  (9,75,77,92) 
suggest  that  glycosylation  is  a  regulatory  mechanism.  Possible  func- 
tions of  deactivation  by  glycosylation  could  be  to  aid  transport  and 
storage  of  free  gibberellins   (62)  . 

Primary  evidence  for  glycosylation  as  an  aid  to  gibberellin  trans- 
port comes  from  xylem  and  phloem  feeding  studies.  Water-soluble 
glucosides    can    be    transported    in    xylem    and    phloem   more    readily    than 

less    soluble   free   gibberellins.      Bowen    and  Wareing   (11)   reported  that  a 

14 
portion    of     '   C-GA„    applied    to    willow    shoots    was    quickly    converted    to 

conjugates  once  in  xylem  and  phloem.  The  major  fraction  of  gibber- 
ellins in  spring  bleeding  sap  of  deciduous  trees  was  in  the  form  of 
gibberellin  conjugates   (92). 
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Primary  evidence  for  glycosylation  of  gibberellins  as  a  storage  form 
of  free  gibberellins  comes  from  studies  with  seeds .  Immature  seeds 
were  injected  with  radiolabeled  gibberellins ,  and  relative  levels  of 
radioactive  gibberellin  conjugates  and  free  gibberellins  were  observed. 
Barendse  et  al.  (9)  and  Sembdner  et  al.  (92)  reported  partial  conver- 
sions of  free  gibberellins  into  conjugates  prior  to  and  through  maturity, 
then  a  conversion  of  these  conjugates  into  free  gibberellins  during 
germination.  Sembdner  et  al.  (92)  also  observed  a  conversion  of 
applied  GA.,  to  its  conjugated  form  in  developing  bean  pods.  These 
studies  are  consistent  with  reports  by  Hashimoto  and  Rappaport  (44) 
and  Pegg  (77),  who  determined  levels  of  endogenous  gibberellins  in 
developing  seeds .  Endogenous  free  gibberellins  steadily  decreased  to 
very  low  levels  at  maturity  as  endogenous  conjugated  gibberellins 
increased.  The  situation  reverses  with  germination.  Pegg  (77)  sug- 
gested  that   this    reversal  is    caused  by  hydrolysis  of  conjugated  gibber- 

3 
ellins .       Barendse     (6)    observed    enhanced    conversion    of      H-GA„    to    a 

14 
water-soluble   compound   when        C-glucose   was   applied  simultaneously  to 

Japanese  morning  glory  plants,  suggesting  that  GA,,-glucoside  formation 
was  enhanced  in  the  developing  seed  pods  when  there  was  available 
glucose  to  conjugate  with. 

Interconversions  of  free  and  conjugated  gibberellins  also  occur  in 
peaches  and  apricots  (50,51,72).  Free  gibberellins  are  most  abundant 
in  tissue  during  periods  of  maximum  growth  (50,51),  then  decrease 
sharply  relative  to  conjugated  forms  as  growth  decreases  (51,72). 
These  data  suggest  that  each  tissue  maintains  its  own  supply  of  gibber- 
ellins, although  other  studies  suggest  that  bound  gibberellins  in  mature 
seeds  are  available  to  other  fruit  tissues   (49,106). 
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Endogenous     GA„-glucosides     have     been     found    in    several    higher 

plants      (66,72,92,104,111,112).        Moreover,      exogenous      application     of 

14 

C-GA3    forms    a    glucoside    indistinguishable    from    the    endogenous    one 

(7,22,92,93).  Glucosides  of  gibberellins  are  difficult  to  separate  from 
acidified  aqueous  solutions  with  ethyl  acetate;  however,  glucosides  can 
be  partitioned  from  aqueous  solutions  with  N-butanol  (7,72,101). 
Goldschmidt  and  Galili  (38,39)  applied  radiolabeled  GA„  to  'Shamouti' 
and  'Valencia'  orange  peels.  In  both  experiments,  diethyl  ether  or 
ethyl  acetate  partitions  contained  approximately  one  half  of  the  recov- 
ered radioactivity  on  all  sampling  dates.  The  other  half  remained  in 
the  aqueous  fraction.  The  organic  fractions  co-chromatographed  with  a 
GA3  standard  on  silica  gel  H-coated  plates.  Thin-layer  chromatography 
peaks  decreased  in  height  and  broadened  with  each  successive  sampling 
date  (1,  10,  100  days),  suggesting  catabolism  of  the  14C-GA3.  Total 
recovered    radioactivity    decreased,    but    the    ratio    of    ethyl    acetate    and 

water-soluble     fractions     remained     relatively     constant,     indicating     that 

14 

C-GA3     glucosides     recovered     in     the     water-soluble    fraction    may    be 

14 
slowly   converted   to        C_GA3    soluble   in  the  ethyl  acetate  fraction.      Silk 

o 

and  Jones  (94)  proposed  a  similar  situation  with  H-GA  in  excised 
lettuce  hypocotyls.  Alternative  explanations  might  be  that  the  ethyl 
acetate-soluble  fraction  consists  of  free  C-GA„  (14,22)  or  14C-GA„ 
sequestered  in  an  organelle  (76),  and  as  it  is  used  or  released  it  is 
degraded  into  a  water-soluble  form.  However,  without  N-butanol  parti- 
tioning to  separate  glucosides ,  or  positive  identification  via  gas  chroma- 
tography-mass  spectroscopy,  these  possibilities  cannot  be  verified. 
Chapters  II  and  III  of  this  dissertation  demonstrated  the  ability  of 
exogenously    applied    GA„    to    maintain    preharvest    and    postharvest    peel 
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quality    of    'Marsh'    grapefruit.      However,    little   is    known    about    the   fate 

14 
of    exogenously    applied        C-GA„.      Therefore,    this    study   will   determine 

14 
the    uptake,    translocation,    and   beginning  metabolism  of       C-GA„  applied 

to  attached  'Marsh'   grapefruit  peel  and  leaves. 


Materials  and  Methods 

Application  of   14C-GA,^  to 
Attached  Fruit  and  Leaves 

Unlabeled    GA„    was    obtained    from    Abbott    Laboratories,     Chicago, 

Illinois    (Pro-Gibb®,    3.91%    in    isopropyl   alcohol),    and        C-GA„    (1,7,12, 

14 
18)     (      C-GA.,,     14    mCi/mMol)     was    purchased    from    The    Radiochemical 

Centre,     Amersham,     England.       The    original    ethyl    acetate     solution    of 

14 

C-GA„    was    reduced    to    dryness    under   vacuum   at   37°C    and    dissolved 

in    25  ml    of    an    aqueous    solution   of    1.0%   isopropanol,    0.025%  X-77,    and 

® 
0.01  ml    of    Pro-Gibb    ,    which    produced   a    stock    solution    of    20  ppm    GA„ 

5 
solution    containing    1.65x10     disintegrations  per  minute   (DPM)   per  200-(jl 

aliquot. 

Sixty-six  mature  grapefruit  with  three  or  more  subtending  leaves 
not  more  than  10  cm  from  the  fruit  were  randomly  selected,  no  more 
than  two  per  tree,  from  40  container-grown  3-year-old  'Marsh'  grape- 
fruit   (Citrus  paradisi  Macf.)   on  Milam   (C.    jambhiri  hybrid  ?)   rootstock. 

14 
Thirty-three   fruit   from  different  trees  had       C-GA„  applied  to  the  fruit 

14 
surface    and   33    fruit   from    different   trees    had        C-GA„    applied    to    both 

surfaces    of   the    subtending  leaves .      Each  fruit  was  visually  divided  into 

four    quadrants,    and   50  ul   of   the    stock    solution    were    evenly    dotted   on 

the    surface    with    a    microsyringe    and    spread   about   with    the    tip.      Leaf 

application  was   done  in  the  same  manner.      Each  fruit  and  leaf  set 
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received  a  total  of  1.65xi05  DPM.  Application  was  done  between  10  and 
11  AM  in  full  sunlight  at  temperatures  of  28-32°C  and  relatively 
humidities  of  59-84%. 

Application  of   14C-GA3   to  Detached  Fruit 

Mature     grapefruit     were     randomly     harvested     from     40    container- 
grown     3-year-old     'Marsh'     white     seedless     grapefruit     trees     on     Milam 

rootstock.      Fruit   were    washed   with    tepid   water,    air  dried,    and  divided 

14 
into     three     replicate     sets;  C-GA„     was     then     applied    as    previously 

described.  Fruit  were  held  at  26°C  and  65-89%  relative  humidity  in 
fluorescent  light  until  sampled  at  0,  1,  2,  8,  24,  and  48  hours.  Sam- 
pling was   done  as   described  below  for  attached  fruit. 

Extraction  of  Radioactivity 

Three    replicates    of    treated    fruit    with   untreated   leaves    and    three 

replicates  of  untreated  fruit  with   treated  leaves  were  harvested  0,    1,    2, 

14 
4,    and  8  hours,    1  and  4  days,    and   1,    2,    4,    and  8  weeks  after       C-GA„ 

14 
application.      Surface        C-GA_   was  removed  by  washing  three  times  with 

95%   ethanol.      A    5-ml  aliquot  of  the  combined  washes  was  added  to   15  ml 

of    Aquasol  II    (New    England   Nuclear)    liquid    scintillation    cocktail    (LSC) 

14 
for    quantification    of   unabsorbed    '   C-GA_.      Wood}'    tissue    between    fruit 

abscission  zone  and  proximal  end  of  the  petiole  was  kept  separate  from 
woody  tissue  proximal  to  the  leaf  cluster.  The  flavedo  was  removed 
with  a  potato  peeler,  albedo  with  a  sharp  knife,  and  seeds  with  tweez- 
ers. Juice  was  extracted  with  a  Wearever  mechanical  juicer,  homoge- 
nized in  a  Lourdes  grinder  for  2  minutes,  and  filtered  with  Whatman  #1 
paper,    and  a  5-ml  aliquot  was  combined  with   15  ml  of  LSC.      Twigs   were 


38 

homogenized  three  times  with  25  ml  of  95%  ethanol  and  filtered  with 
suction  through  Whatman  #1  paper.  The  three  twig  filtrates  were 
combined  and  partitioned  against  150-ml  volumes  of  petroleum  ether  until 
clear,  reduced  to  5  ml  under  vacuum  at  37°C,  and  combined  with  15  ml 
LSC.  Radioactivity  was  recovered  from  albedo,  flavedo,  and  leaves, 
using  a  modification  of  the  procedure  developed  by  Wheaton  and 
Bausher  (107)  (Fig.  4-1).  A  polyvinylpyrrolidone  (PVP)  column  was 
added  after  the  ion  exchange  column  to  remove  phenolics  that  might 
interfere  with  later  bioassays  (73).  All  samples  were  counted  in  a 
Beckman  LS  5800  Series  tabletop  counter  three  times  for  10  minutes  and 
the  values  averaged.  Efficiency  was  approximately  90%,  quench  negli- 
gible and  disregarded,  and  a  38  counts  per  minute  (CPM)  background 
subtracted.  All  recoveries  were  corrected  to  percentage  of  DPM 
applied. 

High- Performance  Liquid  Chromatography 
of  Leaf,    Albedo,    and  Flavedo  Extracts 

Separation  of  metabolites  in  leaf,  flavedo,  and  albedo  extracts  was 
done  with  a  Waters  Associates  modular  high-performance  liquid  chroma- 
tography (HPLC)  system  (107).  Column  was  a  Waters  u-Bondapak 
phenyl  (300x3.9  mm)  reversed-phase  analytical  column  held  at  30°C  with 
C18  precolumn.  Injector  was  U6K  connected  to  twin  Waters  pumps,  all 
controlled  by  a  Model  660  solvent  programmer.  Solvent  for  pump  A  was 
0.2%  ammonium  acetate  (NH.Ac)  at  pH  5.6,  made  with  2  ml  of  acetic  acid 
(HAc)  in  1000  ml  of  deionized  H„0.  The  pH  was  adjusted  with  dilute 
ammonium  hydroxide  (NH.OH),  and  the  final  solution  was  filtered  with 
suction  and  agitation  through  a  0.45  urn  Gelman  Acopor  membrane  filter. 
The    solvent   for   pump    B    was    50%   pump    A    solvent   and   50%,    95%   ethanol 
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filtered  together  as  described.  Pumps  were  programmed  to  deliver  a 
linear  gradient  progressing  from  100%  solvent  A  to  100%  solvent  B  over 
50  minutes.  The  flow  rate  was  1.5  ml  per  minute.  Each  2.0-ml  sample 
injection  was  repeated  three  times.  Fractions  were  collected  every 
minute  in  vials  containing  10  ml  of  LSC.  Only  fractions  1-20  were 
collected,  as  preliminary  trials  recovered  little  radioactivity  in  fractions 
21-50.  Fractions  21-50  were  collected  in  bulk,  reduced  to  dryness  in 
vacuo   at   37°C,    dissolved   in   10  ml  of  LSC,   and  read  as  a  single  sample. 

B-D-glucosidase  Hydrolysis  of  Radioactive  Fractions 

Fractions  containing  radioactivity  were  collected,  reduced  at  37°C 
repeatedly  with  95%  ethanol  to  remove  HPLC  solvent  salts,  and  dissolved 
in  1  ml  of  100  mM  P04  buffer  at  pH  6.5.  Fractions  were  combined  with 
1  ml  of  purified  B-D-glucosidase  (Sigma  Ltd.)  at  5 . 7  units  per  milliliter 
and  incubated  in  a  37°C  water  bath  for  3  hours.  Samples  were  then 
reduced  at  37°C,  dissolved  in  80%  methanol,  and  centrifuged  at  4200  xg 
for  15  minutes  to  remove  denatured  enzyme.  The  supernatant  was 
reduced  to  dryness  in  vacuo  at  37°C,  redissolved  in  1  ml  HPLC  solvent 
A,  passed  through  a  Millipore  AP  prefilter  and  0.2  Gelman  Metricel 
membrane  in  a  syringe,  and  rechromatographed  to  determine  if  hydroly- 
sis altered  retention  time. 

N-butanol  Partition  of  Radioactive  Fractions 

Fractions  containing  radioactivity  were  collected,  dried  repeatedly 
at  37°C  with  95%  ethanol  to  remove  residual  ammonium  acetate  salts  from 
the  HPLC  solvents,  and  dissolved  in  5  ml  of  50%  methanol.  This  was 
reduced    at   37°C   to   approximately    2  ml,    adjusted   to   pH    2.5   with   dilute 
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HC1,  and  partitioned  as  described  by  Russell  (85).  Partition  phases 
were  combined  with  10  ml  of  LSC.  The  partitioning  procedure  sepa- 
rated free  gibberellins  from  their  ether  and  ester  glucosides  and  the 
polar  metabolites   (Fig.    4-2). 

Results  and  Discussion 

Uptake,   Translocation,   and 
Persistence  of  Peel-Applied   14C-GA3 

14 
Uptake  of  peel-applied  C-GA„  began  immediately  after  applica- 
tion, was  most  rapid  within  1  hour,  and  slowed  between  1  and  2  hours 
after  application  (Fig.  4-3).  The  amount  of  radioactivity  decreased  in 
the  peel  during  the  next  8  weeks .  Radioactivity  was  present  in  twigs 
within  4  hours,  reaching  subtending  leaves  between  4  and  8  hours  past 
application.      Radioactivity   remained   fairly   constant,    increasing  in  twigs 

through    4    weeks .       Leaves    accumulated    radioactivity    through     1    week 

14 
with   a   subsequent  decrease  through  8  weeks.      Residual    '   C-GA„  on  the 

peel    surface    decreased    sharply    within    1    hour   of   application,    remained 

fairly   stable   through   4   days,    then  decreased  steadily  through  8  weeks. 

No  radioactivity  was  recovered  from  seeds  or  fruit  pulp . 

14 
Uptake    of    peel-applied        C-GA„    to   detached   fruit   was   comparable 

to    that    of    attached    fruit    (Fig.     4-4).       Uptake    began    within  1    hour   of 

application     and    continued    for    8    hours .       The    radioactivity  recovered 

decreased    from    8    through    48    hours.       No    radioactivity    was  recovered 

from  seeds  or  juice. 
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Uptake,   Translocation,    and 
Persistence  of  Leaf-Applied   14C-GA3 

14 
Leaves   began  absorbing  leaf-applied   "  C-GA„  immediately,   reaching 

a    maximum     level    within     2     hours     (Fig.     4-5).       The    amount    of    label 

decreased   steadily   over  the  next  8  weeks.      Radioactivity  was  present  in 

twigs    within    2    hours    and    persisted    over    4    weeks .       Radioactivity    was 

extracted    from    the    peel    within    8    hours .       It    reached    a    maximum    at    2 

14 
weeks   and   then   diminished   slowly   over   8   weeks.      Residual   '    C-GA„  on 

the    leaf    surface    decreased    sharply    for    the    first    2   hours   and   steadily 

thereafter.      No  radioactivity  was  recovered  from  seeds  or  pulp. 

14 
Both    leaves    and    peel    absorbed        C-GA„    within    1    hour,    but   peel 

absorbed    more    in    a    shorter    time    and    accumulated    a    greater    amount 

14 
whether     the         C-GA„     was     peel-     or     leaf-applied.       This     apparently 

greater   uptake   may   be   the   result   of   better   uptake   by    the   peel  or  less 

translocation    away    from    the    peel    than    from    the    leaves.      The    greater 

accumulation   may   be   the   result   of  photosynthate   translocation   from  leaf 

to  peel. 

The    recovery    of    radioactivity    from    peel    tissues    reported    here    is 

eightfold   that   previously   reported  for  citrus  peel  application   (39).      The 

total    radioactivity    recovered    within    8    hours    was    73 . 7%   of   peel-applied 

and    80.2%    of    leaf-applied    radioactivity.       Radioactivity    recovered    from 

detached    fruit    was    less:      a    total    of    58.8%    8    hours    after    application. 

Possible     explanations     for     these     losses    include    incomplete    extraction, 

metabolism   to   other  compounds  or  oxidation  to  CG>       and  translocation  to 

other    tissues.      The    first    possibility   cannot   account   for   all   the   losses; 

the   extraction   procedure   used   had   a   91.2%  efficiency,    determined  using 

14 
a        C-GA„    standard    (Fig.    4-1).      Davies    and    Rappaport    (22)    demon- 
strated   that    GA„    is    rapidly    metabolized    in   higher   plants ,    which   could 
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account  for  some  losses;  however,  the  most  likely  cause  of  these  losses 
is  translocation  to  tissues  not  sampled.  Translocation  of  radioactivity 
begins  within  2  hours  and  is  not  limited  to  fruit,  subtending  leaves, 
and  twigs .  Low  levels  of  radioactivity  were  measured  in  twigs  proximal 
to  sampled  leaves  within  2  to  4  hours  of  application  (data  not  shown). 
However,  translocation  cannot  account  for  the  poor  recovery  levels  in 
detached  fruit.  Possibly  detached  fruit  metabolize  absorbed  GA„  more 
rapidly;  Goldschmidt  and  Galili  (37)  reported  that  the  biological  effects 
of  GA„  on  detached  'Shamouti'  oranges  were  less  marked  and  persistent 
in  detached  than  in  attached  fruit. 

The  translocation  of  radioactivity  reported  here  agrees  with  the 
report  by  Goldschmidt  and  Eilati  (37)  suggesting  diffusive  movement  of 
GA„  in  the  flavedo.  However,  they  observed  only  flavedo,  which  lacks 
vascular  tissue.  Vascular  tissue  does  exist  in  the  albedo,  where  radio- 
activity was  recovered  in  the  present  study.  Therefore,  vascular 
transport  of  absorbed  radioactivity  once  it  diffuses  from  the  flavedo  to 
the  albedo  would  be  a  reasonable  assumption .  Translocation  of  gibber- 
ellins  via  the  vascular  system  has  also  been  reported  to  occur  in  other 
higher  plants   (13,66) 

The    long    persistence    of    radioactivity    reported    here    is    supported 

by    an    earlier    study    of    Goldschmidt    and    Galili    (39).       However,    they 

14 
reported    only    2%   recovery   of   peel-applied    '   C-GA~    after   24   hours    and 

less    than    1%  after   100   days,    compared   with    the    16.7%   at   24   hours   and 

6.7%  at  56  days  reported  here. 

14 
The    uptake,    translocation,    and    persistence    of    '  C-GA„   by   citrus 

peel     determined     here    are    consistent    with    the    observed    field    effects 

of    GAQ    on    grapefruit.         Preharvest    applications      of    GA„    delay    color 
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development  and  loss  of  peel  firmness,  but  do  not  affect  seed  sprouting 
or  juice   quality    (2,25,35,59).      These  effects  are  evident  within   1  month 

and    may    persist    6    months.      Data    here    demonstrate    that    leaf    or    peel 

14 
application   of       C"GA3    results   in   rapid   accumulation   of   radioactivity   in 

the  peel  (within  24  hours),  but  not  in  the  seeds  or  juice,  even  after  8 
weeks.  These  studies  also  demonstrate  persistence  of  measurable  radio- 
activity in  peel  tissues  after  8  weeks.  It  is  not  known  if  these  levels 
are  physiologically  active  or  what  the  radioactive  compound  is,  but  the 
sites  of  accumulation  are  consistent  with  the  effects  produced  by  spray 
treatments  of  unlabeled  GA3  at  the  same  concentration. 

Separation  of  Extracted  Radioactivity  by 
High-Performance  Liquid  Chromatography 

Metabolism  of  applied  C_GA3  in  both  attached  and  detached  fruit 
was  quite  similar.  However,  the  time  course  of  the  former  was  longer. 
Therefore,  only  the  metabolism  data  for  the  attached  fruit  will  be 
discussed. 

Koshioka  et  al.  (60)  reported  a  "double-peaking"  phenomenon  with 
the  use  of  a  reversed-phase  HPLC  C18  column  for  gibberellin  separa- 
tions. They  found  that  the  degree  of  sample  purification  caused  reten- 
tion time  shifts  and  recommended  that  C18  columns  be  used  only  for 
highly  purified  samples.  The  same  problem  arose  with  the  similar 
reversed-phase  u-Bondapak  phenyl  column  (Waters  Associates)  used  in 
this  study.  The  presence  of  leaf,  flavedo,  or  albedo  extract  in  samples 
consistently  reduced  retention  times  by  2  minutes.  This  was  a  problem 
because  suspected  metabolites  of  GA3  have  been  demonstrated  to  elute 
within  1  to  4  minutes  earlier  than  GA3  on  reversed-phase  columns  (60). 
The    possibility    of    mistaking    less    purified    samples    for   metabolites    was 


53 

solved   by   establishing   the   retention  time  of       C-GA„  in  the  presence  of 
albedo,   flavedo,   and  leaf  extracts. 

Radioactivity    recovered    from    flavedo,    albedo,    and    leaves    consis- 
tently    eluted     in     the     same     fractions     (Fig.   4-6).        Radioactivity     in 

fractions    12-15   consistently   peaked   in   fraction    13,    co-chromatographing 

14 
with  the  C-GA„  standard,  and  radioactivity  in  fractions  4-7  consis- 
tently peaked  in  fraction  6.  The  only  exception  was  albedo  extracts, 
which  eluted  almost  as  much  radioactivity  in  fraction  14  as  in  13.  In  all 
tissues  the  ratio  of  the  two  fractions  changed  rapidly  over  the  first  4 
days  after  application,  then  remained  approximately  stable  over  the  next 
8  weeks  (Fig.  4-7).  Radioactivity  recovered  in  fractions  4-7  increased 
from  1.2%  in  a  total  of  30.2%  applied  activity  recovered  at  1  hr  to  8.1% 
of  16.9%  applied  activity  recovered  at  4  days.  Therefore,  the  percent- 
age of  radioactivity  recovered  in  fractions  12-15  decreased  from  over 
96%  of  the  recovered  activity  at  1  hour  to  52%  at  4  days ,  while  the 
percentage  of  activity  recovered  in  fractions  4-7  increased  correspond- 
ingly.     This    pattern    is    consistent    with    reports   of   rapid  metabolism   of 

absorbed   gibberellins   in   other  higher   plants    (14,22).      As   plant  tissues 

14 
metabolize         C-GA3,      the     12-15     peak     diminishes     and     the     4-7     peak 

14 
increases.       The        C-GA„    is    metabolized    over    time    until    a    relatively 

constant     ratio     between     the     two     fractions     is     attained.       Alternately, 

14 

C-GA„    may    be    metabolized   by   plant   tissues   until  it   can   be   compart- 

14 
mentalized,    possibly   in   vacuoles    (76).      Once   this   occurs,    the        C-GA„ 

is    slowly   released   as   needed   and   subsequently   degraded,    maintaining  a 

14 
fairly  constant  ratio  of       C-GA„  and  its  metabolites   (43).      Studies  using 

radiolabeled    GA„    applied    to    'Shamouti'    and    'Valencia'   orange   peel   sup- 
port   these   possibilities    (38,39).      In   both   cases   an   ethylacetate   or   acid 
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diethyl  ether  fraction  and  a  water-soluble  fraction  were  extracted, 
which  were  tentatively  identified  as  GA„-like  and  metabolite  fractions, 
respectively. 


B-D-glucosidase  Hydrolysis  of  Radioactive  Fractions 

The  C13  and  C3  glucose  ethers  are  transport  and  storage  metabo- 
lites of  GA„  in  higher  plants;  they  are  biologically  inactive  relative  to 
GA„  (7).  These  metabolites  have  slightly  lower  retention  times  than 
GA„  on  reversed-phase  columns  (60).  Hydrolysis  of  the  glucose  moiety 
from  the  GA_  increases  the  retention  time  of  this  fraction .  Hydrolysis 
of  fractions  12-15  and  fractions  4-7,  however,  produces  no  change  in 
retention  times ,  indicating  that  the  radioactivity  recovered  in  fractions 
4-7  and  12-15  is  probably  not  the  C3  or  C13  ethers  of  C-GA^.  This 
suggests  that  grapefruit  peel  and  leaves  do  not  conjugate  GA„,  but 
metabolize  it. 


N-butanol  of  Radioactive  Fractions 

Partitioning  gibberellins  with  N-butanol  is  a  method  of  separating 
free  gibberellins  from  their  esters  and  ethers.  The  results  of  partition- 
ing fractions  4-7  were  inconclusive  (data  not  shown);  all  recovered 
radioactivity  partitioned  into  the  polar  metabolite  phase.  Partitioning 
fractions  12-15  gave  83.3%  in  the  free  gibberellin  phase,  8.5%  in  the 
polar  metabolite  phase,  and  7.9%  in  the  glucoside  phase  (Fig.  4-8). 
When  these  phases  were  combined  and  rechromatographed,  radioactivity 
recovered     in      the      polar     metabolite     and     GA     glucoside     phases     was 

insignificant.        The     radioactivity     in     the     free     gibberellin     phase     co- 

14 
chromatographed     with     the      '   C-GA„     standard.        The     rather     constant 
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percentage  of  radioactivity  that  partitioned  into  the  polar  metabolite  and 
GA   glucoside   phases    suggests    that   the   radioactivity   recovered   in  these 

phases  may  be  the  result  of  inefficient  partitioning. 

14 
These   results    suggest   that   the    '   C-GA„   accumulated   in  grapefruit 

peel   remains   in   the   applied   form,    possibly  sequestered  in  the  vacuoles, 

and  is  slowly  metabolized  to  a  more  polar  form. 

Conclusions 
These    uptake,     translocation,    persistence,    and    metabolism    studies 

partially   clarify   the   fate   of   GA~   applied   to   grapefruit   peel   and   leaves . 

14 
Absorption    of        C-GA„    by    leaves    and    peel    began    within     1    hour    of 

application  and  continued  for  8  hours.  Peel  absorbed  more  radioactivity 
at  a  faster  rate  than  leaves.  Translocation  of  radioactivity  from  leaves 
to  peel  and  the  reverse  began  in  4  to  8  hours  and  continued  for  4 
weeks.  No  radioactivity  was  recovered  from  juice  or  seeds.  Radio- 
activity   persisted    in    albedo,    flavedo,    and   leaves   for   8   weeks   with    the 

14 
highest    accumulations    in    peel    tissues.      Separation   of       C-GA„   metabo- 
lites    by     reversed-phase     HPLC    produced    two    peaks    of    radioactivity. 

Analysis    of    these    two   peaks    by   B-D-glucosidase   hydrolysis,    N-butanol 

14 
partitioning,    and   co-chromatography   with        C-GA„    standards  suggested 

14 
that  one  was       C-GA„  and  the  other,   metabolites . 


CHAPTER  V 
CONCLUSIONS 

There  were  three  objectives  to  this  dissertation.  The  first  was  to 
determine  if  decreased  irrigation  affected  the  ability  of  a  preharvest 
GA3  and  2,4-D  colorbreak  spray  to  extend  the  harvest  season  of 
'Marsh'  white  grapefruit.  The  second  was  to  compare  preharvest  and 
postharvest,  and  combined  preharvest  and  postharvest,  treatments  with 
GA3   and  2,4-D  for  ability  to  extend  the  storage  life  of  grapefruit.      The 

third     objective     was     to     study     the     translocation     and     metabolism     of 

14 

C-GA3  in  grapefruit  leaves  and  fruit. 

Decreased  late-season  irrigation  did  not  affect  the  ability  of  pre- 
harvest GA3  and  2,4-D  sprays  to  extend  the  harvest  season  of  'Marsh' 
grapefruit  in  Florida.  The  GA3  delayed  overripe  color  development  and 
loss  of  peel  firmness  without  affecting  internal  quality.  The  2,4-D 
decreased  late-season  fruit  drop.  When  the  GA„  and  2,4-D  sprays  were 
applied  6  weeks  prior  to  a  mild  freeze,  they  decreased  postfreeze  fruit 
drop . 

A  preharvest  GA3  and  2,4-D  spray  or  postharvest  GA„  and  2,4-D 
dip  maintained  peel  quality  in  storage  equally  well  for  fruit  harvested 
through  mid-March.  However,  preharvest  sprays  had  the  added  advan- 
tage of  extending  the  harvest  season  and  providing  postfreeze  fruit- 
drop  protection.  Applying  both  preharvest  spray  and  postharvest  dip 
maintained   fruit   quality   better  only   if   fruit   was   harvested   in   mid-May. 
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Both  preharvest  and  postharvest  treatments  produced  the  same  effects: 
external  peel  quality  was  maintained  while  internal  quality  was  unaf- 
fected.      All    treatments    decreased    decay    in    storage   equally   well  on    all 

harvest  dates. 

14 
Peel  and  leaves  began  absorbing  C-GA„  within  1  hour  of  applica- 
tion and  continued  to  do  so  for  8  hours.  Leaves  absorbed  C-GA„ 
more  slowly  than  peel.  Within  2-4  hours  of  application,  radioactivity 
was  translocated  from  peel  to  leaves  and  the  reverse.  Radioactivity, 
whether  applied  or  translocated  there,  persisted  in  leaves  and  peel 
tissue  for  8  weeks.  However,  accumulation  of  radioactivity  was  always 
greater  in  peel  than  in  leaves .  No  radioactivity  was  recovered  from 
seeds    or    juice.       Separation    of    peel-extracted   metabolites    by    reversed- 


phase    HPLC    produced    two    peaks    of    radioactivity.       Analysis    of    these 

l3 


14 
peaks      suggested     that     one     was  C-GA       and     the     other,      a     polar 


metabolite . 

The    results  of  these  three  studies  are  consistent  with  one  another. 

14 
Applied     "   C-GA„     was     readily    absorbed,     accumulated    in    peel    but    not 

internal  tissues,  and  persisted  for  at  least  8  weeks.  The  spray  and 
dip  GA„  treatments  produced  changes  in  peel,  but  not  internal,  quality 
that  were  measurable  within  6  weeks  and  persisted  as  long  as  5  months. 
Therefore,  radioactivity  accumulated  and  persisted  in  the  same  tissues 
in  which  GA„  sprays  and  dips  produced  their  effects.  It  is  not  known 
if  the  radioactivity  extracted  from  peel  tissues  is  the  active  form  of  GA„ 
or  if  the  levels  measured  are  physiologically  active.  However,  the 
steady  decline  of  the  extracted  radioactivity  and  its  possible  degrada- 
tion are  consistent  with  the  decreasing  effects  of  GA„  on  peel  quality 
over  time. 
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The  last  remaining  question  is,  How  does  GA  produce  its  effects? 
Does  absorbed  GA„  or  its  metabolites  initiate  a  physiological  process, 
then  undergo  degradation?  Or  are  the  effects  produced  as  long  as  GA3 
or  active  metabolites  persist?  Evidence  presented  in  these  studies 
supports  both  possibilities,  but  the  latter  more  strongly.  The  effects 
of  GA„  on  peel  quality  were  more  marked  when  it  was  applied  earlier; 
preharvest  applications  produced  greater  effects  than  postharvest 
applications  at  lower  concentrations.  However,  this  may  simply  be  the 
result  of  delaying  a  process,  peel  senescence,  earlier  in  its  develop- 
ment. The  ability  of  GA,,  to  produce  an  effect,  no  matter  when 
applied,  and  the  persistence  of  C"GA3  argue  for  the  latter  possi- 
bility. This  possibility  is  supported  by  the  fact  that  peel  senescence  in 
citrus  is  associated  with  a  decrease  in  endogenous  gibberellins .  There- 
fore, the  data  in  these  studies  suggest  that  applied  GA„  delays  grape- 
fruit peel  senescence  as  long  as  the  absorbed  GA3  or  its  metabolites 
persist  in  physiologically  active  levels. 


APPENDIX 

GROWTH  REGULATOR  AND  NUTRITIONAL  EFFECTS  ON 
GRAPEFRUIT  COLOR  AND  STORAGE  QUALITY 


Literature  Review 

Effects  of  Nitrogen  and  Gibberellins 
on  External  Grapefruit  Quality 

An  increase  in  tree  nitrogen  within  the  range  for  high-level 
production  has  what  are  usually  regarded  as  adverse  effects  on  the 
external  quality  of  citrus  (28).  In  most  cases  nitrogen  produces  a 
coarser,  thicker  peel  and  a  firmer  albedo,  and  delays  color  develop- 
ment. These  effects  are  well  documented  on  navel,  'Valencia',  pine- 
apple, and  'Hamlin'  oranges  and  grapefruit  (4,5,26,28,55,56,64,71,80, 
81,83,84,95).  High  levels  of  nitrogen  in  grapefruit  produced  delays  in 
color  development  and  firmer  peels  in  Arizona  (28)  and  Florida  (96) 
grapefruit.  Results  were  similar  for  foliar  and  soil-applied  nitrogen 
(28).  The  effects  of  nitrogen  on  external  peel  quality  are  similar  to 
those  produced  by  GA„  (see  Chapter  II).  The  combination  of  nitrogen 
and  GA„  in  a  foliar  spray  produces  greater  effects  than  either  individu- 
ally; Monselise  et  al.  (71)  and  Embleton  et  al.  (26)  demonstrated  that 
the  addition  of  potassium  nitrate  or  ammonium  phosphate  to  GA0  sprays 
reduced  the  incidence  of  creasing  and  delayed  orange  color  development 
in  'Valencia'  oranges  better  than  the  nutritional  or  GA0  treatment  alone. 
Monselise  suggested  that  nitrogen  application  enhances  the  production  of 
endogenous  gibberellins . 
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Effects  of  Nitrogen  and  Gibberellins  on 
Internal  Grapefruit  Quality 

The  effects  of  nitrogen  on  internal  quality  are  inconclusive  and 
contradictory  (27,28).  Nitrogen  applications  to  grapefruit  have  been 
reported  to  reduce  the  percentage  of  juice  and  incease  the  acidity  and 
total  soluble  solids  (TSS)  without  affecting  the  TSS/acid  ratio  (26,28), 
to  decrease  the  TSS  and  the  TSS/acid  ratio  (28),  to  have  small,  incon- 
sisten  effects  on  these  factors  (4,83,84),  and  to  decrease  the  percent- 
age of  juice  up  to  2.6%  of  leaf  dry  weight  of  nitrogen  and  decrease  it 
less  thereafter  (27).  The  inconsistency  of  these  effects  may  be  a 
result  of  when  the  nitrogen  is  applied  (28).  There  are  no  reports  that 
soil  or  foliar  applications  of  nitrogen  decrease  seed  sprouting  or  section 
drying  in  grapefruit.  The  effects  of  GA3  on  internal  fruit  quality  were 
covered  in  Chapter  II;  generally,  effects  are  small  and  inconsistent. 
There  are  no  reports  on  the  effects  of  combined  nutritional  and  gibber- 
ellin  treatments  on  grapefruit  internal  quality. 

Little  work  has  been  done  on  the  effects  of  nutritional  sprays , 
alone  or  combined  with  gibberellins,  on  grapefruit  quality  in  Florida. 
The  objective  of  this  study  was  to  compare  nitrogen  and  gibberellin 
colorbreak  sprays  for  their  ability  to  delay  color  change  and  seed 
sprouting  of  tree-stored  and  cold-storage  fruit  under  Florida 
conditions.       Juice    quality    and    decay    in    storage    were    also    observed. 

Materials  and  Methods 
Thirty  mature  'Marsh'  grapefruit  (Citrus  paradisi  Macf.)  trees  on 
rough  lemon  (C.  jambhiri  Lush.)  rootstock  were  selected  from  a  grove 
near  Lucerne  Park,  Florida.  Trees  were  planted  at  4.5x9.1  m  spacing. 
Cultural  practices  and  soil  type  (deep  ridge  sand)  were  typical  of  local 
commercial  groves . 
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Completely  randomized  single- tree  plots  were  used  with  four  treat- 
ments and  six  replications  of  each.  Treatments  were  (1)  KNO„  (2%)  + 
NH4NOs  (2%);  (2)  GA4+?  (20  ppm);  (3)  GA3  (20  ppm);  and  (4)  KNOs 
(2%)    +   NH4NOs    (2%)   +   GA3    (20  ppm).      All   treatment   and   control  water 

spray     contained     X-77     (0.025%).        Pro-Gibb®     was     the     GA0     source, 

® 
Promalin     was    the    GA4+7   source,    and   both   nutritional   sprays  contained 

approximately    35%    nitrogen.       Approximately    50    liters    of    dilute    spray 

were  applied  per  tree  on  December  5,    1979. 

Twenty  fruit  per  tree  were  evaluated  prior  to  treatment  and  bi- 
monthly January  through  June.  Color,  juice  quality,  and  seed  sprout- 
ing were  tested  by  use  of  the  Hunter  Color  Difference  Meter  (Fairfax, 
VA),    automated    systems    analysis    (23),    and    observation,    respectively. 

Eighty  fruit  per  tree  were  harvested  in  March,  washed,  treated 
with  thiabendazole  (1000  ppm)  as  a  fungicide,  waxed,  packed  into  20-kg 
cartons  at  30  fruit  per  carton,  and  stored  at  15.5°C  and  96%  relative 
humidity  for  14  weeks.  Juice  analysis,  seed  sprouting,  and  color 
evaluation  of  samples  of  20  fruit  per  replication  were  done  before  and 
after  storage.      Surface  decay  was  evaluated  weekly. 

Results  and  Discussion 
Peel  Color  of  Tree-Stored  Fruit 

All  treatments  delayed  peel  color  change  compared  with  controls 
(C)  (Fig.  A-l).  Combined  nutritional  (N)  and  GA~  treatment  produced 
the  best  results  in  March  and  June.  This  supports  previous  evidence 
that  combined  nitrogen  nutritional  and  GA„  sprays  delayed  color  change 
in    'Valencia'    oranges    better   than    either   alone    (19,26).      GA„   „  and  GA, 

4+ 1  6 

alone  were  equally  effective . 
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Internal  Quality  of  Tree-Stored  Fruit 

There  were  no  significant  differences  in  internal  quality  prior  to 
treatment,  and  treatments  had  no  significant  effects  on  total  soluble 
solids  (TSS),  percentage  of  acid,  or  seed  sprouting  (data  not  shown). 
Compared  with  controls ,  all  treatments  increased  the  percentage  of  juice 
by  January  and  by  March;  only  trees  treated  with  GA„,  alone  or  com- 
bined with  nutritional  treatment,  had  increased  juice  content.  By  June 
only  GA„-treated  fruit  had  significantly  higher  juice  content  (Table 
A-l).  There  were  no  differences  among  treatments.  Only  combined 
nutritional  and  GA„  treatment  produced  a  significantly  higher  ratio  than 
controls  on  all  dates.  However,  there  was  little  difference  among 
treatments .  These  results  contradict  previous  results  showing  that 
nitrogen  sprays  decreased  the  TSS/acid  ratios  in  'Valencia'  oranges  by 
increasing  the  percentage  of  acid  (19,26).  Percentage  of  acid  of  all 
treated  fruit  was  not  significantly  lower  than  that  of  controls  (data  not 
shown).  Reports  of  inconsistent  effects  of  growth  regulators  on  inter- 
nal quality  of  grapefruit  are  common  in  the  literature  (2,25,35,59). 
The  incidence  of  seed  sprouting  in  treated  fruit  was  equal  to  that  of 
controls,  remaining  below  3%  through  March  and  increasing  to  15-19%  in 
June  (data  not  shown).  This  disagrees  with  one  report  (2),  which 
showed  that  GA„  decreased  seed  sprouting  in  grapefruit,  and  agrees 
with  another  (1).  Perhaps  seed  sprouting  is  a  function  of  harvest 
date.  The  dissenting  report  (2)  had  an  earlier  harvest  date  than  this 
study  and  the  other  report  (1). 
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Table  A-l.      Effects  on  internal  quality  of  tree-stored  grapefruit. 


Date 

Sampled 

January   11 

March  24 

Jun 

e   18 

%  Acid 

TSS/Acid 

%  Juice 

TSS/Acid 

%  Acid 

TSS/Acid 

** 

* 

* 

*# 

t 

** 

Control 

53A 

8.2A 

53A 

8.8AB 

51A 

10. 9A 

KN03  and 
NH4N03 

55B 

8.6AB 

54AB 

8.5A 

52AB 

10. 9A 

GA4+7 

55B 

8.8AB 

54AB 

9.5BC 

56  AB 

11.  7B 

GA3 

56B 

8.4A 

55B 

9.3ABC 

57B 

11. 3A 

KNO3  and 
NH4N03 
and  GA3 

55B 

9.2B 

55B 

10.2C 

53AB 

13.  3B 

Note:      Column  means  with  different  levels  are  significant  as 
follows:      **,    P  =  <0.01;    *,    P  =  <0.50;    t,    P  =  <0.10.      N  =   120. 
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Peel  Color  of  Cold-Storage  Fruit 

All  treatments  delayed  peel  color  change  in  cold-storage  fruit  with 
little  difference  among  treatments  (Fig.  A-2).  Tree-stored  fruit  receiv- 
ing the  same  treatments  changed  color  more  rapidly  during  this  time 
period  with  one  exception.  Untreated  control  fruit  in  cold  storage 
changed  color  twice  as  rapidly  as  tree-stored  control  fruit.  This  sug- 
gests that  all  the  treatments  are  particularly  effective  in  delaying 
postharvest  acceleration  of  color  change  (37)  as  well  as  delaying  color 
change  preharvest. 

Internal  Quality  of  Cold-Storage  Fruit 

There  were  no  significant  differences  in  internal  quality  prior  to 
storage  or  in  percentage  of  juice  or  seed  sprouting  after  storage  (data 
not  shown).  The  TSS  were  increased  in  fruit  receiving  combined 
growth  regulator  and  nutritional  treatment,  and  the  percentage  of  acid 
was  decreased  in  all  treated  fruit.  All  treated  fruit  therefore  had 
higher  TSS/percentage  of  acid  ratios  than  controls  (Table  A-2).  Seed 
sprouting  was  not  different  from  that  in  controls,  remaining  below  4% 
for  all  treatments.  Correspondingly  treated  tree-stored  fruit  had  a 
much  higher  incidence  of  sprouting,  15-19%,  which  was  perhaps  due  to 
higher  temperatures  in  the  grove  than  in  cold  storage  and  to  a  later 
harvest  date  (1) . 

Decay  During  Cold  Storage 

All  growth  regulator  treatments  significantly  decreased  decay  in 
storage,  but  GA/Uf7  and  combined  GA0  and  nutritional  treatment  were 
the  most  effective  (Fig.    A-3). 
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Table  A-2.      Effects  on  internal  quality  of  cold- 
storage  grapefruit. 


Date 

Sampled: 

June   18 

TSS 

%  Acid 

TSS/Acid 

Control 

9.  IB 

0.9B 

10. 4A 

KN03  and 
NH4N03 

8.6A 

0.8A 

11. 6B 

GA4+7 

9.4B 

0.8A 

11. 4B 

GA3 

9.  IB 

0.8A 

11.  2B 

KNO3  and 
NH4NO3 
and  GA3 

9.8C 

0.8C 

12. 9C 

Note:      Column  means  with   different  letters 
are  significant  at  P  =  <0.01.      N  =  120. 
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Conclusions 


The  additive  effects  of  combined  nutritional  and  GA„  spray  were 
most  effective  in  delaying  color  change  of  tree-stored  fruit  March  to 
June.  Only  GA.  _,  and  GA„  treatments  were  less  effective  than  com- 
bined treatment  and  they  were  equal  to  each  other.  Only  GA0  was 
more  effective  than  the  nutritional  treatment.  All  four  treatments  were 
equally  effective  in  delaying  color  change  of  fruit  in  cold  storage.  All 
four  treatments  produced  inconsistent  changes  on  juice  quality  and  had 
no  effect  on  seed  sprouting.  These  results  support  previous  reports 
(1,2)  that  indicate  that  seed  sprouting  may  be  a  function  of  tempera- 
ture and  harvest  date  and  is  not  affected  by  applied  growth  regulators . 
Decay  in  storage  was  reduced  by  combined  GA,,  and  nutritional  treat- 
ment, GA„  alone,  and  GA4  „.  These  results  support  the  use  of 
combined  gibberellin  and  nutritional  sprays  to  delay  color  change  of 
tree-stored  and  cold-storage  grapefruit  and  to  delay  decay  in  cold 
storage . 


LITERATURE   CITED 


1.  Albrigo,  L.G.,  K.  Kawada,  P.W.  Hale,  J.J.  Smoot,  and  T.T. 
Hatton,  Jr.  1980.  Effect  of  harvest  date  and  preharvest  and 
postharvest  treatments  on  Florida  grapefruit  condition  in  export  to 
Japan.      Proc.    Fla.    State  Hort.    Soc.    93:323-327. 

2.  Ali  Dinar,  H.M.,  A.H.  Krezdorn,  and  A.J.  Rose.  1976.  Extend- 
ing the  grapefruit  harvest  season  with  growth  regulators.  Proc. 
Fla.    State  Hort.    Soc.    89:4-6. 

3.  Altman,  A.  and  R.  Mozes .  1977.  Comparative  basipetal  transport 
of  6-benzyl-aminopurine-8-14C,  gibberellin  A3-3H,  IAA-2-14C,  and 
sucrose- 14C  in  the  root  of  intact  Citrus  aurantium  seedlings. 
Physiol.    Plant.    39:233-235. 

4.  Bar-Akiva,  A.  1975.  Effect  of  foliar  application  of  nutrients  on 
creasing  of   'Valencia'  oranges.      HortScience   10(1): 69-70. 

5.  Bar-Akiva,  A.  and  A.  Gotfried.  1971.  Effect  of  nitrogen  and 
potassium  nutrition  on  fruit  yield  and  quality  and  leaf  mineral 
composition     of     Valencia     orange     trees.        Agrochemica     15:127-135. 

6.  Barendse,  G.W.M.  1971.  Formation  of  bound  gibberellins  in 
Pharbitis  nil.      Planta  99:290-310. 

7.  Barendse,  G.W.M.  1975.  Biosynthesis,  metabolism ,  transport  and 
distribution  of  gibberellins,  p.  60-90.  In:  H.N.  Krishnamoorthy 
(ed.).  Gibberellins  and  Plant  Growth.  John  Wiley  &  Sons,  New 
York,    London,    Sydney,    Toronto. 

8.  Barendse,  G.W.M.  and  A.  Lang.  1972.  Comparison  of  endogenous 
gibberellins  and  of  the  fate  of  applied  radioactive  Ax  in  a  normal 
and  a  dwarf  strain  of  Japanese  morning  glory.  Plant  Physiol. 
49:836-841. 

9.  Barendse,  G.W.M.,  H.  Kende,  and  A.  Lang.  1968.  Fate  of 
radioactive  GAi  in  maturing  and  germinating  seeds  of  peas  of 
Japenese  morning  glory.      Plant  Physiol.    49:836-841. 

10.  Bevington,  K.B.  1969.  GA3:  Effect  on  Navel  orange  rind 
quality  and  storage.      Agr.    Gaz.    New  South  Wales  80(2): 640. 

11.  Bowen,  M.R.  and  P.F.  Wareing.  1969.  The  interchange  of  14C- 
kinetin  and  14C-gibberellic  acid  between  bark  and  xylem  of  willow. 
Planta  89:102-105. 


79 


80 


12.  Castle,  W.S.  and  A.H.  Krezdorn.  1977.  Soil  water  use  and 
apparent  root  efficiencies  of  citrus  trees  on  four  rootstocks.  J. 
Amer.    Soc.   Hort.    102(4) :  403-406. 

13.  Chin,  T.Y.  and  J. A.  Lockhart.  1965.  Translocation  of  applied 
gibberellins  in  bean  seedling's.      Amer.   J.    Bot.    52:828-833. 

14.  Cleland,  C.F.  and  J.A.D.  Zeevart.  1970.  Gibberellins  in  relation 
to  flowering  and  stem  elongation  in  the  long  day  plant  Silene 
armeria .      Plant  Physiol.    46:392-400. 

15.  Coggins,  C.W.,  Jr.  1981.  The  influence  of  exogenous  growth 
regulators  on  rind  quality  and  internal  quality  of  citrus  fruit. 
Proc.    Int.    Soc.    Citriculture   1:214-216. 

16.  Coggins,  C.W.,  Jr.  and  H.Z.  Hield.  1968.  Plant  growth  regula- 
tors, p.  371-389.  In:  W.  Reuther,  L.D.  Batchelor,  and  H.J. 
Webber  (eds.).  The  Citrus  Industry,  Vol.  2.  Div.  Agr.  Sci.  , 
Univ.    of  Calif.,   Berkeley. 

17.  Coggins,  C.W.,  Jr.,  H.Z.  Hield,  and  R.M.  Burns.  1962.  The 
influence  of  potassium  gibberellate  on  grapefruit  trees  and  fruit. 
Proc.    Amer.    Soc.   Hort.    Sci.    81:223-226. 

18.  Coggins,  C.W.,  Jr.  and  W.W.  Jones.  1977.  Growth  regulators 
and  the  coloring  of  citrus  fruits.  Proc.  Int.  Soc.  Citriculture 
2:686-688. 

19.  Coggins,  C.W.,  Jr.  and  L.N.  Lewis.  1962.  Regreening  of 
Valencia  orange  as  influenced  by  potassium  gibberellate.  Plant 
Physiol.    37:625-627. 

20.  Cooper,  W.C.  and  A.  Peynado.  1959.  Winter  temperatures  of  3 
citrus  areas  as  related  to  dormancy  and  freeze  injury  of  citrus 
trees.     Proc.   Amer.   Soc.   Hort.   Sci.    74:333-347. 

21.  Davies,  F.S.,  D.W.  Buchanan,  and  J.  A.  Anderson.  1981.  Water 
stress  and  cold  hardiness  in  field-grown  citrus.  J.  Amer.  Soc. 
Hort.    Sci.    106(2): 197-200. 

22.  Davies,  L.A.  and  L.  Rappaport.  1975.  Metabolism  of  tritiated 
gibberellins  in  d-5  dwarf  maize.  I.  In  excised  tissues  and  dwarf 
and  normal  plants.      Plant  Physiol.   55:620-625. 

23.  Dougherty,  M.H.  1978.  Automation  in  the  Florida  Department  of 
Agriculture  State  Test  Houses.  Proc.  18th  Annual  Short  Course 
for  the  Food  Industry.  Institute  of  Food  and  Agricultural  Sci- 
ences,  University  of  Florida,    Gainesville,      pp.    52-58. 

24.  El-Nabawy,  S.M.,  A.M.  El-Hammady,  M.M.  Hammady,  N.S.  Marei, 
and  W.H.  Nasim.  1981.  Effect  of  postharvest  application  of 
2,4-D,  2,4,5-T,  GA,  CCC ,  and  Alar  on  the  keeping  quality  of 
'Valencia'  oranges.      Proc.    Int.    Soc.    Citriculture  2:725-728. 


81 


25.  El-Zeftawi,  B.M.  1980.  Regulation  pre-harvest  fruit-drop  and  the 
duration  of  the  harvest  season  of  grapefruit  with  2,4-D  and  GA. 
J.    Hort.    Sci.    55(3): 211-217. 

26.  Embleton,  T.W.,  W.W.  Jones,  and  C.W.  Coggins,  Jr.  1973. 
Aggregate  effects  of  nutrients  and  gibbereUic  acid  on  'Valencia' 
orange  crop  value.      J.    Amer.    Soc.    Hort.    Sci.    98(3) :  285-288 . 

27.  Embleton,  T.W.,  W.W.  Jones,  C.K.  Labanauskas ,  andW.  Reuther. 
1973.  Leaf  analysis  as  a  diagnostic  tool  and  guide  to  fertilization, 
p.  185-187.  In:  W.  Reuther,  L.D.  Batchelor,  and  H.J.  Webber 
(eds.).  The  Citrus  Industry,  Vol.  III.  Div.  of  Agr.  Sci.,  Univ. 
of  Calif.,    Berkeley. 

28.  Embleton,  T.W.,  H.J.  Reitz,  and  W.W.  Jones.  1973.  Citrus 
fertilization,  p.  122-184.  In:  W.  Reuther,  L.D.  Batchelor,  and 
H.J.  Webber  (eds.).  The  Citrus  Industry,  Vol.  III.  Div.  of 
Agr.    Sci.,    Univ.    of  Calif.,    Berkeley. 

29.  Farooqi,  W.A.,  M.  Ahamad,  and  S.A.  Khanum.  1981.  Studies  on 
the  shelf  life  extension  of  citrus  fruit.  Proc.  Int.  Soc.  Citricul- 
ture  2:760-761. 

30.  Fletcher,  R.A.  and  D.J.  Osborne.  1965.  Regulation  of  protein 
and  nucleic  acid  synthesis  by  gibberellin  during  leaf  senescence. 
Nature  207:1176-1177. 

31.  Fletcher,  R.A.  and  D.J.  Osborne.  1965.  Gibberellin,  as  a  regu- 
lator of  protein  and  ribonucleic  acid  synthesis  during  senescence 
in    leaf    cells    of    Taraxacum    officinale.       Can.     J.     Bot.     44:739-745. 

32.  Fucik,  J.E.  1972.  The  control  of  mature  grapefruit  droppage 
with   2,4-D.      J.    Rio  Grande  Valley  Hort.    Soc.    24:43-52. 

33.  Fucik,  J.E.  1981.  The  effect  of  preharvest  foliar  sprays  of 
2,4-D  and  gibbereUic  acid  on  the  postharvest  storage  characteris- 
tics of  'Ruby  Red'  grapefruit.  Proc.  Int.  Soc.  Citriculture  1:221- 
224. 

34.  Gallasch,  P.T.  1981.  Growth  regulators  for  promotion  of  on-tree 
storage  of  grapefruit  and  hdp  storage  of  harvested  fruit.  Proc. 
Int.    Soc.    Citriculture   1:229-233. 

35.  Gilfillan,  I.M.,  W.  Koekemoer,  and  J.  Stevenson.  1973.  Exten- 
sion of  the  grapefruit  harvest  season  with  gibbereUic  acid.  Proc. 
1st  World  Citrus   Conf .  ,    Murcia-Valencia,    Spain.      3:335-341. 

36.  Gilfillan,  I.M.  and  J.  A.  Stevenson.  1976.  Changes  in  shape, 
firmness  and  internal  quality  of  export  grapefruit  between  pack- 
house  and  salepoint.      Citrus   Subtropical  Fruit  J.    2:5-12. 

37.  Goldschmidt,  E.E.  and  S.K.  Eilati.  1970.  Gibberellin-treated 
Shamouti  oranges :  Effects  on  coloration  and  translocation  within 
peel  of  fruits  attached  to  or  detached  from  the  tree.  Bot.  Gaz. 
131(2): 116-122. 


82 


38.  Goldschmidt ,  E.E.  and  D.  Galili.  1974.  The  fate  of  endogenous 
gibberellins  and  applied  gibberellin  A3  during  natural  and 
ethylene-induced  senescence  in  citrus  peel.  Plant  &  Cell  Physiol. 
15:485-491. 

39.  Goldschmidt,  E.E.  and  D.  Galili.  1981.  Fate  of  14C-gibberellic 
acid  in  senescing  on-tree  'Valencia'  orange  fruit.  J.  Amer.  Soc. 
Hort.    Sci.    106(2): 175-177. 

40.  Goren,  R.,  S.P.  Monselise,  and  A.  Ben  Moshe.  1976.  Control  of 
corky  spots  of  grapefruit  by  growth  regulators .  HortScience 
11(4): 421-422. 

41.  Greenberg,  J.,  R.  Goren,  and  J.  Riov.  1975.  The  role  of  cellu- 
lase  and  polygalacturonase  in  abscission  of  young  and  mature 
Shamouti  orange  fruits.      Physiol.    Plant.    34:1-7. 

42.  Grierson,  W.  and  T.T.  Hatton.  1977.  Factors  involved  in  storage 
of  citrus  fruits :  A  new  evaluation .  Proc .  Int .  Soc .  Citriculture 
1:227-231. 

43.  Gross,  J.,  R.  Timberg,  and  M.  Graef.  1983.  Pigment  and  ultra- 
structural  changes  in  the  developing  pummelo  Citrus  grandis 
•Goliath'.     Bot.    Gaz.   3:401-406. 

44.  Hashimoto,  T.  and  L.  Rappaport.  1966.  Other  aspects  of  GA 
metabolism,  p.  115.  In:  T.C.  Moore  (ed.).  Biochemistry  and 
Physiology  of  Plant  Hormones.  Springer- Verlag,  New  York, 
Heidelberg,   Berlin. 

45.  Hayashi,  F.,  S.  Blumenthal-Goldschmidt,  and  L.  Rappaport.  1962. 
Acid  and  gibberellin-like  substances  in  potato  tubers.  Plant 
Physiol.    37:774-780. 

46.  Hield,  H.Z.,  R.M.  Burns,  and  C.W.  Coggins.  1964.  Pre-harvest 
use  of  2,4-D  on  citrus.  Calif.  Agr.  Expt.  Stn.  Series  Circular 
No.    528:3-4. 

47.  Hunterlab .  1971.  Instruction  manual  for  Hunterlab  D25  Color 
Difference  Meter.      9529  Lee  Highway,   Fairfax,   VA  22030. 

48.  Instron.  1976.  Instron  universal  testing  instrument.  Instron 
Corp.,    2506  Washington  St.,    Canton,   MA  02021.      1.1-6.14. 

49.  Iwahori,  S.,  R.H.  Weaver,  and  R.M.  Pool.  1968.  Gibberellin-like 
activity  in  berries  of  seeded  and  seedless  Tokay  grapes.  Plant 
Physiol.   43:333-337. 

50.  Jackson,  D.I.  1968.  Gibberellin  and  the  growth  of  peach  and 
apricot  fruits.      Austral.    J.    Biol.    Sci.    21:209-215. 

51.  Jackson,  D.I.  and  B.G.  Coombe.  1961.  Gibberellin-like  sub- 
stances    in     the     developing     apricot    fruit.       Science     154:277-278. 


83 


52.  Jacobs,  W.P.  and  H.W.  Kaldeweg.  1970.  Polar  movement  of 
gibberellic  acid  through  young  Coleus  petioles.  Plant  Physiol. 
45:539-541. 

53.  Jacobs,  W.P.  and  W.P.  Pruett.  1973.  The  time  course  of  move- 
ment  of   gibberellin    through    Zea   roots.      Amer.    J.    Bot.    60:896-900. 

54.  Jones,  R.L.  1968.  Aqueous  extraction  of  gibberellins  from  pea. 
Planta  81:97-105. 

55.  Jones,  W.W.  and  T.W.  Embleton.  1959.  The  visual  effect  of 
nitrogen  nutrition  on  fruit  quality  of  Valencia  oranges .  Proc . 
Amer.    Soc.    Hort.    Sci.    73:234-236. 


i  . 


56.  Jones,    W.W.,    T.W.    Embleton,   M.J.    Garber,    and  C.B.    Cree.      196 
Creasing  of  orange  fruit.      Hilgardia  38:231-244. 

57.  Jordan,  L.S.,  B.E.  Day,  and  V.A.  Joliffe.  1969.  Residue  of 
herbicides  and  plant  growth  regulators  in  citrus.  Proc.  1st  Int. 
Citrus  Symp.    2:1063-1069. 

58.  Katsumi,  M.  and  B.O.  Phinny .  1979.  Interconversions  of  GAs , 
p.  107-108.  In:  T.C.  Moore  (ed.).  Biochemistry  and  Physiology 
of  Plant  Hormones.  Springer- Verlag,  Berlin,  Heidelberg,  New 
York. 

59.  Kokkalos,  T.I.  1981.  Effect  of  2,4-dichlorophenoxyacetic  acid 
and  gibberellic  acid  on  grapefruit.      Hort.    Res.    21:1-9. 

60.  Koshioka,  M.  ,  J.  Harada,  K.  Takeno,  M.  Nomna  Sassa,  K.  Ogi- 
yama,  J.S.  Taylor,  S.B.  Rood,  R.L.  Legge,  and  R.P.  Pharis. 
1983.  Reversed-phase  C18  high-performance  liquid  chromatography 
of   acidic    and   conjugated   gibberellins.      J.    Chromatog.    256:101-115. 

61.  Kuraoka,  T.,  Iwasaki,  K.  ,  and  T.  Ishii.  1977.  Effects  of  GA3  on 
puffing  and  levels  of  GA-like  substances  and  ABA  on  the  peel  of 
Satsuma  mandarin  (Citrus  unshui  Marc).  J.  Amer.  Soc.  Hort. 
Sci.    102(5) :641-654. 

62.  Lang,  A.  1970.  Gibberellins:  Structure  and  metabolism .  Annu. 
Rev.    Plant  Physiol.    21:537-570. 

63.  Lewis,  L.N.,  C.W.  Coggins ,  Jr.,  C.K.  Labanauskas,  and  W.M. 
Dugger,  Jr.  1967.  Biochemical  changes  associated  with  natural 
and  gibberellin  A3  delayed  senescence  in  the  navel  orange  rind. 
Plant  &  CeU  Physiol.    8:151-160. 

64.  Leroux,  J.C.  and  P.  A.  Crous .  1938.  Effect  of  fertilizer  on 
creasing  of  Mediterranean  sweet  oranges.  Farming  in  South  Africa 
13:66-68,    85. 

65.  McComb ,  A.J.  1961.  "Bound"  gibberellin  in  mature  runner  bean 
seeds.      Nature   192:575-576. 


84 


66.  McComb,  A.J.  1964.  The  stability  and  movement  of  gibberellic 
acid  in  pea  seedlings.      Ann.    Bot.    28:669-687. 

67.  McCornack,  A.  A.  1975.  Postharvest  weight  loss  of  Florida  citrus 
fruits.      Proc.    Fla.    State  Hort.    Soc.    88:333-335. 

68.  Monselise,  S.P.  1977.  Citrus  fruit  development:  Endogenous 
systems  and  external  regulation.  Proc.  Int.  Soc.  Citriculture 
2:664-668. 

69.  Monselise,  S.P.  1979.  The  use  of  growth  regulators  in  citricul- 
ture:     A  review.      Scientia  Horticulturae   11:151-162. 

70.  Monselise,  S.P.  and  A.  Sasson.  1977.  Effects  of  orchard  treat- 
ments on  orange  fruit  quality  and  storage  ability.  Proc.  Int.  Soc. 
Citriculture   1 :  232-237 . 

71.  Monselise,  S.P.,  M.  Weiser,  N.  Shafir,  R.  Goren ,  and  E.E. 
Goldschmidt.  1976.  Creasing  of  orange  peel:  Physiology  and 
control.      J.    Hort.    Sci.    51:341-351. 

72.  Moore,  T.C.  1979.  Gibberellins ,  p.  90-142.  In:  T.C.  Moore 
(ed.).  Biochemistry  and  Physiology  of  Plant  Hormones.  Springer- 
Verlag,    Berlin,    Heidelberg,    New  York. 

73.  Mousdale,  D.M.A.  and  M.  Knee.  1979.  Poly-N-vinylpyrrolidone 
column  chromatography  of  plant  hormones  with  methanol  as  eluent. 
J.    Chromatog.    177:398-400. 

74.  Murakami,  Y.  1962.  Occurrence  of  water-soluble  gibberellin  in 
higher  plants.      Bot.    Mag.    (Tokyo)   75:451-452. 

75.  Musgrave,  A.  and  H.  Kende.  1970.  Radioactive  gibberellin  A5 
and  its  metabolism  in  dwarf  peas.      Plant  Physiol.    45:56-61. 

76.  Ohlrogge,  J.B.,  J.L.  Garcia-Martinez ,  D.  Adams,  and  L. 
Rappaport.  1980.  Uptake  and  subcellular  compartmentation  of 
gibberellin  A1  applied  to  leaves  of  barley  and  cowpea.  Plant 
Physiol.    66:422-427. 

77.  Pegg,  G.F.  1966.  Changes  in  levels  of  naturally  occurring 
gibberellin-like  substances  during  germination  of  seed  of  Lyco- 
persicum  esculentum  Mill.      J.    Exp.    Bot.    17:214-230. 

78.  Phillips,  I.D.J,  and  W.  Hartung.  1974.  Basipetal  and  acropetal 
transport  of  [3,4-3H]  gibberellin  Aj  in  short  and  long  segments  of 
Phaseolus  coccineus   second  internode.      Planta   116:109-121. 

79.  Ramirez,  J.M.  and  A.H.  Krezdorn.  1975.  Effect  of  the  date  of 
harvest  and  spot  picking  on  yield  and  quality  of  grapefruit. 
Proc.    Fla.    State  Hort.    Soc.    88:40-44. 

80.  Reese,  R.L.  and  R.C.J.  Koo.  1975.  Effects  of  N  and  K  fertiliza- 
tion on  internal  and  external  fruit  quality  of  three  major  Florida 
orange  cultivars .      J.    Amer.    Soc.    Hort.    Sci.    100(4) : 425-428. 


85 


81.  Reese,  R.L.  and  R.C.  Koo.  1975.  N  and  K  fertilization  effects 
on  leaf  analysis,  tree  size  and  yield  of  three  major  orange  culti- 
vars.      J.    Amer.    Soc.    Hort.    Sci.    100(2) :  195-198. 

82.  Reinhard,  E.  and  R.  Sacher.  1967.  Versuche  zum  enzymatische 
Abbau  der  "gebunden"  Gibberelline  von  Pharbitis  purpurea. 
Experientia  23:415-416. 

83.  Reitz,  H.J.  and  R.C.J.  Koo.  1960.  Effect  of  nitrogen  and 
potassium  fertilization  on  yield,  fruit  quality  and  leaf  analysis  of 
Valencia  orange.      Proc.    Amer.    Soc.    Hort.    Sci.    75:244-252. 

84.  Reuther,  W.  and  P.F.  Smith.  1952.  Relation  of  nitrogen,  potas- 
sium and  magnesium  fertilization  to  some  fruit  qualities  of  Valencia 
orange.      Proc.    Amer.    Soc.    Hort.    Sci.    59:1-12. 

85.  Russell,  S.  1975.  Extraction,  purification  and  chemistry  of 
gibberellins,  p.  1-34.  In:  H.N.  Krishnamoorthy  (ed.).  Gibber- 
ellins  and  Plant  Growth.  John  Wiley  &  Sons,  New  York,  London, 
Sydney,   Toronto. 

86.  Salcines ,  R.M.  1981.  Physiological  behavior  of  'Marsh  seedless' 
grapefruit  during  short  and  long  term  cold  storage.  Proc.  Int. 
Soc.    Citriculture  2:731-734. 

87.  Saidha,  T.,  E.E.  Goldschmidt,  and  S.P.  Monselise.  1983.  Endog- 
enous growth  regulators  in  tracheal  sap  of  citrus .  HortScience 
18(2): 231-232. 

88.  Sarooshi,  R.A.  1982.  Response  of  pre-harvest  drop  of  grapefruit 
on  two  rootstocks  to  2,4-D,  MCPA  and  gibberellic  acid.  Austral. 
J.    Exp.    Agr.    Husb.    22:337-342. 

89.  Schiffmann-Nadel,  M.  ,  F.S.  Lattar,  and  J.  Waks .  1972.  The 
effect  of  2,4-D  applied  in  waxes  on  the  preservation  of  'Marsh 
seedless'  grapefruit  and  'Valencia'  orange  during  prolonged 
storage.      HortScience  7(2) : 120-121 . 

90.  Schiffmann-Nadel,  M.  ,  J.  Waks,  Y.  Gutter,  and  E.  Chalutz.  1981. 
Alternaria  rot  of  citrus  fruit.  Proc.  Int.  Soc.  Citriculture  2:791- 
793. 

91.  Scholander,  P.F.,  T.H.  Hammel,  E.P.  Bradstreet,  and  E.A. 
Hemmingsen.  1965.  Sap  pressure  in  vascular  plants.  Science 
148:339-346. 

92.  Sembdner,  G.,  J.  Weiland,  O.  Aurich ,  and  K.  Schreiber.  1968. 
Isolation,  structure  and  metabolism  of  a  gibberellin  glucoside, 
p.  79-86.  In:  Plant  Growth  Regulators.  Soc.  Chem .  Ind.  Mono- 
graph No.    31,    London. 

93.  Sembdner,  G.,  J.  Weiland,  G.  Schneider,  K.  Schreiber.  and  S. 
Focke.  1970.  Recent  advances  in  the  metabolism  of  gibberellins, 
p.  143-150.  In:  D.J.  Carr  (ed.).  Plant  Growth  Substances. 
Springer- Verlag,    Berlin,    Heidelberg,    New  York. 


86 


94.  Silk,  W.K.,  and  R.L.  Jones.  1977.  Growth  and  gibberellin  Ax 
metabolism  in  excised  lettuce  hypocotyls .  Plant  Physiol.  59:211- 
216. 

95.  Smith,  P.F.  1967.  A  comparison  of  three  nitrogen  sources  on 
mature  Valencia  orange  trees.  Proc.  Amer.  Soc.  Hort.  Sci. 
80:1-7. 

96.  Smith,  P.F.  1969.  Nitrogen  studies  on  grapefruit  in  Florida, 
p.  1559-1567.  In:  H.D.  Chapman  (ed.).  Proc.  1st  Int.  Citrus 
Symp.,   Vol.    III.      Univ.   of  Calif.,    Riverside. 

97.  Stewart,  W.S.  1949.  Effects  of  2,4-dichlorophenoxyacetic  acid 
and  2,4,5-trichlorophenoxyacetic  acid  on  citrus  fruit  storage. 
Proc.    Amer.    Soc.    Hort.    Sci.    54:109-117. 

98.  Stewart,  W.S.  and  H.Z.  Hield.  1950.  Effects  of  2,4-dichloro- 
phenoxyacetic acid  and  2,4,5-trichlorophenoxyacetic  acid  on  fruit 
drop,  fruit  production  and  leaf  drop  of  lemon  trees.  Proc.  Amer. 
Soc.   Hort.    Sci.    55:163-165. 

99.  Stewart,  W.S.,  L.J.  Klotz,  and  H.Z.  Hield.  1951.  Effects  of 
2,4-D  and  related  substances  on  fruit-drop,  yield,  size,  and 
quality     of    Washington     naval    oranges.       Hilgardia     21(7) :  161-193. 

100.  Stewart,  W.S.  and  E.R.  Parker.  1947.  Preliminary  studies  on  the 
effects  of  2,4-D  sprays  on  preharvest  drop,  yield,  and  quality  of 
grapefruit.      Proc.    Amer.    Soc.    Hort.    Sci.    50:187-194. 

101.  Stoddart,  J.L.  and  R.L.  Jones.  1977.  Gibberellin  metabolism  in 
excised  lettuce  hypocotyls :  Evidence  for  formation  of  gibberellin 
Aj   glucosyl  conjugates.      Planta  136:261-269. 

102.  Syvertsen,  J.  P.  and  L.G.  Albrigo.  1980.  Seasonal  and  diurnal 
citrus    leaf    and    fruit    water    relations.       Bot.     Gaz.     141(4) : 444-446. 

103.  Tamura,  S.,  N.  Takahashi,  N.  Murofushi,  T.  Yokota,  and  J. 
Kato.  1967.  Isolation  of  new  gibberellins  from  higher  plants  and 
their  biological  activity,  p.  85-89.  In:  F.  Wightman  and  G. 
Setterfield  (eds.).  Biochemistry  and  Physiology  of  Plant  Growth 
Substances.      Runge  Press,   Ottawa. 

104.  Tamura,  S.,  N.  Takahashi,  T.  Yokota,  N.  Murofushi,  and  Y. 
Ogawa.  1968.  Isolierung  wasserloslicher  Gibberelline  aus  unreifen 
Samen  von  Pharbitis  nil.      Planta  78:208-212. 

105.  Thomson,  W.W.  ,  L.N.  Lewis,  and  C.W.  Coggins,  Jr.  1967.  The 
reversion  of  chromoplasts  to  chloroplasts  in  Valencia  oranges. 
Cytologia  32:117-124. 

106.  Weaver,  R.J.  and  R.M.  Pool.  1965.  Quantitative  changes  in  GA 
content  during  development,  p.  125.  In:  T.C.  Moore  (ed.). 
Biochemistry  and  Physiology  of  Plant  Hormones.  Springer- Verlag, 
New  York,   Heidelberg,   Berlin. 


87 


107.  Wheaton,  T.A.  and  M.G.  Bausher.  1977.  Separation  and  identi- 
fication of  endogenous  growth  regulators  in  citrus.  Proc.  Int. 
Soc.    Citriculture  2:673-676. 

108.  Wilkins,  M.B.  and  L.J.  Nash.  1974.  Movement  of  radioactivity 
from  3H-GA3  in  geotropically  stimulated  coleoptiles  of  Zea  mavs . 
Planta   115:245-251.  — 

109.  Yamane,  H.,  I.  Yamaguchi,  T.  Yokota,  N.  Murofushi,  N. 
Takahashi,  and  M.  Katsumi.  1973.  Biological  activity  of  new 
gibberellins    A30-A35   and   A35-glucoside.      Phytochemica  12:255-262. 

110.  Yokota,  T.,  N.  Murofushi,  and  N.  Takahashi.  1970.  Structure  of 
a  new  gibberellin  glucoside  in  immature  seeds  of  Pharbitis  nil 
(3-0-B-glucosly-gibberellin  A29;  acid  hydrolysis;  enzymatic 
hydrolysis).      Tetrahedron  Lett.    1489-1492. 

111.  Yokota,  T.,  N.  Murofushi,  N.  Takahashi,  and  M.  Katsumi.  1971. 
Biological  activities  of  gibberellins  and  their  glucosides  in  Pharbitis 
nil.      Phytochemica  10:2943-2949. 

112.  Yokota,  T.,  N.  Takahashi,  N.  Murofushi,  and  S.  Tamura.  1969. 
Structures  of  new  gibberellin  glucosides  in  immature  seeds  of 
Pharbitis  nil.      Tetrahedron  Lett.    2080-2084. 

113.  Zweig,  G.S.,  S.  Yamaguchi,  and  G.W.  Mason.  1961.  Transloca- 
tion of  14C-gibberellin  in  red  kidney  bean,  normal  corn  and  dwarf 
corn.      Adv.    Chem.    58:122-134. 


BIOGRAPHICAL  SKETCH 

Louise  Ferguson  was  born  February  20,  1947,  in  San  Bernardino, 
California.  She  completed  her  secondary  education  at  Governor  Mifflin 
High  School  in  Shilling-ton  ,  Pennsylvania,  in  1965.  She  received  the 
degree  of  Bachelor  of  Arts  (in  anthropology)  from  Pennsylvania  State 
University  in  1965  and  the  degree  of  Master  of  Science  (in  horticultural 
science — vegetable  crops)  from  the  University  of  Florida  in   1980. 


88 


I  certify  that  I  have  read  this  study  and  that  in  my  opinion  it 
conforms  to  acceptable  standards  of  scholarly  presentation  and  is  fully 
adequate,  in  scope  and  quality,  as  a  dissertation  for  the  degree  of 
Doctor  of  Philosophy. 


^Jclu/^ht 


1  rederick    S.     Davies,    Chairman 
Associate  Professor  of 
Horticultural  Science 


I  certify  that  I  have  read  this  study  and  that  in  my  opinion  it 
conforms  to  acceptable  standards  of  scholarly  presentation  and  is  fully 
adequate,  in  scope  and  quality ,  as  a  dissertation  for  the  degree  of 
Doctor  of  Philosophy. 


/  (X 

1\    Adair  Wheaton 
Professor  of  Horticultural 
Science 


I  certify  that  I  have  read  this  study  and  that  in  my  opinion  it 
conforms  to  acceptable  standards  of  scholarly  presentation  and  is  fully 
adequate,  in  scope  and  quality,  as  a  dissertation  for  the  degree  of 
Doctor  of  Philosophy. 


M.    A.    Ismail 

Professor  of  Horticultural 
Science 


I  certify  that  I  have  read  this  study  and  that  in  my  opinion  it 
conforms  to  acceptable  standards  of  scholarly  presentation  and  is  fully 
adequate,  in  scope  and  quality,  as  a  dissertation  for  the  degree  of 
Doctor  of  Philosophy. 


R.    Hilton  Biggs 
Professor  of  Horticultural 
Science 


I  certify  that  I  have  read  this  study  and  that  in  my  opinion  it 
conforms  to  acceptable  standards  of  scholarly  presentation  and  is  fully 
adequate,  in  scope  and  quality ,  as  a  dissertation  for  the  degree  of 
Doctor  of  Philosophy. 


Richard  C.    Smith 
Professor  of  Botany 


This  dissertation  was  submitted  to  the  Graduate  Faculty  of  the  College 
of  Agriculture  and  to  the  Graduate  School,  and  was  accepted  as  partial 
fulfillment  of   the   requirements   for   the   degree   of   Doctor   of   Philosophy. 


August   1984 


Dean/I    College     of  £7  Agriculture 


Dean    for    Graduate    Studies    and 
Research 


UNIVERSITY  OF  FLORIDA 


3  1262  08554  0697 


